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THE CLINICAL AND PHYSIOLOGICAL EFFECT OF NOISE 


[TERENCE CAWTHORNI 
London 


UNACCUSTOMED noise so often prompts the remark: **This noise is quite deafening” 
rhis is a figure of speech because those who use it are confident that when the noise 
subsides their hearing will return. Indeed it usually does so. But those whose work 
exposes them to too much sound, too often, and for too long will in time find out 
that this figure of speech has become reality 

[he harmful effect of prolonged exposure to noise while at work has been the 
subject of occasional comment for more than a century, the first observation being 
made by Fossprooke (1830) upon deafness in blacksmiths. To the noise of metal 
beating upon metal there has in the course of industrial progress been added the 
noise of machinery, the noise of engines, and finally, noisiest of all, the sound of 
air compressors and jet engines. This spread of noise into so many industrial 
processes combined with new methods of detecting early hearing loss by means of 
pure tone and speech audiometry has focused attention upon the danger to hearing 
of prolonged exposure to very loud sound. Much has been written on the subject in 
recent years and legislation has been introduced in certain countries and states. 

Nevertheless general opinion still regards noise as an annoying distraction rather 
than a danger to hearing; though it has been shown that working in an atmosphere 
of regular noise, even when the overall level is as high as 110 phons, has little o1 
no effect upon work output or upon general health, even though all the time it is 
slowly and, until a certain level is reached, imperceptibly causing irreversible damage 
to the end organ of hearing. Once noise reaches a level at which it begins to be 
felt (120 phons) or even to hurt (130 phons), then of course it becomes intolerable; 
a state of affairs which can be caused by jet engine noise. 

However, before going any further into the effect of noise upon hearing it will be 
as well to inquire into the sense of hearing and the organ which serves it. 

Hearing is the latest addition to the battery of senses with which man and most 
air-breathing animals are endowed. It is latest in the evolutionary sense because fish 
do not have an auditory apparatus as they have no need for a receptor apparatus 
capable of responding to airborne sound waves. It is probable that they are able to 


appreciate certain waterborne sounds with the saccule, which is part of the intricate 


balancing organ. From this has gradually evolved the end organ of hearing which 
reaches its full state of development in mammals. This is why hearing and balance 
are so intimately connected and in consequence disorders of hearing are sometimes 
associated with disturbed balance 

At first sight it would seem that the prime object of the sense of hearing is to hear 
speech, and while in man this may be its most important function this certainly 
does not apply to animals, in whom the sense of hearing, as well as all the other 
senses, is devoted to preservation of self and preservation of the species. The 
warning note of the startled blackbird, the owl which on the blackest night can 
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(Fig. 3). The resulting movement presses the hair cells of the Organ of Corti against 
the covering tectorial membrane and this results in a stimulus being sent up the 
auditory nerve (Fig. 4). So long as the hair cell mechanism is intact and sound waves 
can reach it, hearing is possible. If the hair cell mechanism cannot function properly, 
then hearing is impaired. Now the basilar membrane is so constructed that at the 
base of the cochlea near the window it is attuned to respond more readily to high- 
frequency vibrations, while at the apex of the cochlea the fibres of the basilar 


membrane are long and slack and respond more readily to low-frequency vibrations 
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because in most instances the onset is very gradual and so long as the loss of hearing 
is limited to high tones only it does not cause any great inconvenience to the every- 
day life of the worker. Furthermore, others in the same line of work experience a 
similar gradual dulling of hearing and it is only too often accepted as a natural 
event that is to be expected in the later years of working life. This has nothing to 
do with presbyacusis, the natural and slight loss of sensitivity for high tones only 


which does not start until the late sixties and slowly increases with the vears 
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So far the effect of acoustic trauma upon hearing for pure tones only has been 
mentioned because this pure tone audiometer test is the simplest and most effective 
way of diagnosing early acoustic trauma. House (1952) has suggested pre-employ 


ment and routine periodic follow-up audiograms for workers in noisy industries. He 


J 


also makes the point that the differential diagnosis of more advanced acoustic 
trauma after the patient has become aware of his hearing loss is much more difficult 


More recently House (1957) has advocated a screening test with two tones only a 
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speech in acoustic trauma there | 
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about 160 words/min. A political speech is given at 
ym at litthke more than 100 words/min. Persons with 
perceptive hearing loss, even when it is limited to higher tones, have more difficulty 
in understanding all that is said to them when speech is at the higher speeds. In 
consequence the strain of listening often distracts their attention from the actual 
meaning of all of what is being said. Thus tests of the capacity to hear speech when 
carried out under favourable listening conditions do not always reveal the extent 
of the handicap in a case of high tone deafness 
In estimating the degree of social handicap in a case of deafness there is a need 
for a series of tests which will include the ability to hear speech in different acoustic 
circumstances. There is also a need for a method of estimating the degree of handi 
cap imposed by any hearing loss. Different formule have been put forward for 
computing a percentage hearing loss based on the pure tone audiogram, but none 
of these is really satisfactory. A better guide is the Social Adequacy Index, which 
equates the pure tone audiogram with the speech audiogram. However, f 
practical result this should also take into consideration the hearing for speech under 
varying acoustic conditions, and a satisfactory method still has to be devised 


There is no cure for deafness due to overstimulation by sounds, so it is necessary 


to take all precautions practicable to prevent it happening 
[he prevention of noise at source is outside the scope of this article, but where 
the overall noise level cannot be prevented from exceeding 85 phons workers should 


be provided with some form of ear protection, and they should furthermore be 
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acoustic pressure during a specified interval. A sound which has a few high peak 
pressures might therefore give a high value for peak pressure but a low r.m.s 
pressure, whereas a very loud smooth sound might give a lower peak level and 
very high r.m.s. level. In the case of the smoothest sound possible, namely the pure 
tone, the ratio of peak level to r.m.s. level is 1°4 (\/2), whereas for a series of short 
pulses the ratio can be very high 

In determinations of r.m.s. and peak values of noises it is necessary to consider 
the intervals to which these quantities refer, and so physical equipment is used 
with time factor limits which are considered reasonable, according to the particulat 
situation, the time of response of such equipment giving the order of the interval 
over which the r.m.s. computation or the peak determination is made 
instruments where a noise is fluctuating rapidly, slow-moving indicators are deliber- 
ately incorporated to smooth out these fluctuations. Standardization of these charac- 


teristics is receiving the attention of British and American standardizing committees 


NOTISI ANALYSIS 

4 given wave form can be analysed into other equivalent wave forms in a 
number of ways, the one that is the most fascinating and most elegant being known 
as the Fourier transformation. In the Fourier transformation a sound or noise is 
represented as made up of an extended range or spectrum of frequencies of pure 
tones. In certain special cases of sustained repetitive sounds the Fourier analysis is 
one of discrete frequencies but, in general, the noise spectrum is made up of an 
infinite range of frequencies. A given sound is then said to have a spectral level at 
each frequency which represents the amount of energy that is assigned to the 
frequencies within a band | c/s wide centred at the specific frequency. In Fig. 2 
we have examples of the analyses of a number of wave forms by Fourier trans- 
formation. In practice a precise analysis requires special equipment and is not 
justified when one takes into consideration the physiological behaviour of the ear, 
and an approximation to a Fourier analysis is made by introducing elements known 
as filters in the measuring system which are only effectively responsive to certain 
limited frequency ranges or bands of frequencies. These ranges can be restricted o1 
wide according to the detail required of the analysis. The narrowest band prac- 
ticable is that of a few cycles wide, and such a filter is used to give an approximation 
of the spectral level or sound pressure level per cycle band, e.g. if the filter is 
10 c/s wide the spectral level is 10 dB below the total sound pressure level of the 
10 c/s band. Other filters in use are octave band or fractional octave band filters 
and it is general practice nowadays to specify the boundaries of octave band 
analysis at the frequencies 37°5, 75, 150, 300, 600, 1200, 2400, 4800 and 9600, with 
fractional octave limits at intermediate frequencies. Such a wide band filter gives 
the total sound pressure of the noise contributed by the energy of all the constituents 
in the band and does not indicate the average level in the band, and so wide band 
filters may give misleading figures of the physiological effects in special cases where 


intense single tones or narrow bands are present. A very intense narrow band, if 


present, may be responsible for almost the whole of an octave band analysis. Since 


there is some evidence to suggest that intense narrow band noises might be more 
traumatic than wide band noises of the same sound pressure level, it is suggested 


that a narrow band analysis is always a useful procedure where a noise has a definite 
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sometimes found to produce most auditory fatigue in the regions of the ear specific 
to a frequency about half an octave above the fatiguing tone. Although the extended 


response of the ear is generally biased towards the higher frequencies, the excitation 


gradually diminishes from the peak excitation to those regions distant from the 
region of specificity. These direct observations of BEKEsy (1942) are supported by 
the observations of TASAKI ef al. (1952) of the magnitude of cochlear potentials at 


selected regions of the guinea pig cochlea 
From these observations it seems reasonable to conclude that, while a noise 
\ -frequency energy could be exper ted to pI duce 


which is made up of intense lov 
it is unlikely that intense 


damage to higher specific frequency regions of the cochlea 
high-frequency noises W ve serious effecis on lower specific frequency regions 
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as suggested earlier in this p It is to be expected that if a sound level is entirely 
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vuund pressure levels may affect the ear differently 


As different noises of the same 


it has been suggested that subjective impressions should be taken into account in 


assessing the nuisance value of a noise. It has been found, for example, that a sound 


having a number of pure tone components appears louder than a pure tone of the 
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same sound pressure level, and so the concept of the phon /evels of loudness has 


been suggested as a more realistic attribute of noise excitation and with the phon 
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instruments used for testing hearing, have their zeros 

dB at the sound pressure levels estimated to be the 

ind here it should be stressed that the decibel readings 

the appropriate standard of normal threshold and are not 

Now we have a great deal of information, which has accumu- 

lated during the few years, on testing with audiometers which are based on 
the American sta! rds, and there is no doubt iat the modal values of young 
normal subjects g results which are nearly 10 dB too optimistic, i.e. they 
respond t 10 dB the audiometer instead of 0 dB (in this respect the readings 
refer to indicated | ng loss, and 0 dB on an audiometer should be close to the 
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modal value found practice). In addition, we have experience of testing young 
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normal subjects on an audiometer based on the British Standard and we have 
obtained modal values between 0 and 3 dB above the British Standard. Now, since 
modal values in the British Standard have been determined on 2 dB steps whereas 
most present-day audiometers have 5 dB steps, it is to be expected from statistical 
considerations that there would be a tendency for a modal value to be a few dB 
higher, on the ground that a subject who just cannot hear a setting will require a 
5 dB higher level, whereas one who hears a setting which is a few dB above his 
threshold will not respond to one which is 5 dB below. There would therefore be a 
bias towards higher readings than the true ones. Thus, all this work lends support 
to the British Standard as the more accurate and representative one. We understand 
that some continental countries also get values closer to the British than to the 
Americans. Since both American and British standards specify the acoustical 
pressure at the meatus, inter-conversion of results is simple; it would seem, there- 
fore, that the existence of these two different base-lines, though an inconvenience, 
need not detract from any noise hazard survey as long as we state precisely our 
reference for zero hearing loss or, alternatively, give hearing responses as absolute 
sound pressure levels. In all surveys at present undertaken in this country it is 
customary to use as controls a group of subjects who have not been subjected to 


a noise hazard, and in this way it does not really matter what audiometric base-line 
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latter, there may be spectral characteristics which give more 


emphasis to one 
particular region of frequencies than another, and if this emphasis is sufficiently 
great then we should expect more damage to that specific, or a somewhat higher, 
frequency region than to other regions. However, it should be pointed out that 
most studies of the ear are made with steady pure tones, whereas the ear and some 
sources of sound have definite transient characteristics. BEKEsy (1942) has shown, 


for example, that when a sudden pulse is applied to the ear the ossicular chain 


performs a transient vibration; there is a latent period while the movement of the 


drum and ossicles are building up their response with definite frequency charac- 


teristics and there is a similar effect when a sound is suddenly stopped. The sound 
from gunfire also has transient frequency characteristics influenced by the natural 
resonance of the gun barrel and muzzle and, here again, the transient sound emitted 
will have a definite time of rise governed by the characteristics which will pi bably 
influence the region of maximum excitation of the cochlear partition. On the 


hand, there does not seem to be the same tendenc\ andom noises 
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investigation. In fact, very often, only a small fraction of personnel under study can 
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it need not, at present, be considered an important contribution to a noise hazard 


since the best forms of ear defenders have an insulation factor which is still below 
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So far there is no satisfactory easy method of predicting the hearing loss likely 
to be sustained by a given individual in a particular noise situation. If there is any 
suspicion that there might be a noise hazard, the only reasonable attitude to 
is the acceptance of a noise control programme which would include protec 
the ears and systematic audiometry. Since, in addition to industrial noise, there are 
other factors which might be responsible for the onset of deafness, and particularly 
if legal responsibility for hearing impairment is likely to be called in question, it 1s 
important to observe the hearing efficiency of personnel before and during the 
course of their employment. An otological examination should precede any audio- 
metry to ensure that there is no meatal obstruction or other medical factor which 
might vitiate the accuracy of the hearing loss assessment. By such a programme of 
audiometry, in association with the provision of ear protectors where necessary, 
personnel particularly susceptible to noise trauma can be detected and their hearing 
conserved. In passing, it should be emphasized that noise in an audiometry testing 
room should not be so high that critical band levels mask the zeros of the audio- 
meter. Deafness due to industrial hazard is perceptive, and so if air conduction 
audiometry reveals a hearing loss it is advisable to perform a bone conduction test 
as well. Conductive deafness can be attributed to other ztiology and to a certain 
extent acts as a protective measure against cochlear damage due to noise 

We have not sufficient knowledge at present to say whether a person already 
deaf will be as vulnerable to noise as a normal, nor whether a deafness produced by 
noise will progress should the subject be removed from the noise. It could, however, 
be argued that a person who is conductively deaf would be less liable to noise 


trauma than a normal or perceptively deaf subject. The American Committee gave 


the opinion that progress of deafness was always added to any perceptive deafness 


in other words, perceptive deafness is not a protective disability 
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most sensitive; it increases by 6 dB each time the sound pressure is doubled, or by 
20 dB for a 10-fold increase. The whole range from the smallest audible sound 
pressure to the very loud sounds which begin to produce pain in the ear is covered 
in about 130 dB steps 

Noise is in general very complex and the total sound pressure level alone gives 
no information about its character. An analysis showing the way in which the sound 
pressure is distributed over the range of audible frequencies gives much fuller 
information. For many purposes a comparatively coarse analysis is sufficient, and 
that normally used determines the sound pressure level in each of a series of band 
of frequency, each one octave wide, covering the range of 8 octaves from 37°5 c/s 
to 9600 c/s. This is the method of describing a noise which is used in most of the 
examples given later. It is also the method which is coming increasingly into use 
in proposals for criteria for noise limits, e.g. the damage-risk criterion (ROSENBLITH 


1953) or criteria for tolerable noise levels in different circumstances (BERANEK 


oses finer analysis, which permits the frequency and amplitude of 
ngle-frequency components in the noise to be measured, is desirable, particu- 
in diagnosing the precise source of a noise. For instance, the source of a 


single-frequency component in the noise from a machine may be determined through 


its frequency with that of some operation within the machine 
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ihe open plan, where the noisy production operations, the quieter operations of 
assembly and the still quieter processes of inspection are housed together in one 
large bay, leads to unnecessary noise for the personnel engaged on the quieter work 
Wherever possible the noisy machines should be segregated. It is realized that this 
may lead to difficulties in arranging the flow of materials, and where overhead 
cranes are in Operation it may be impossible, but there are many cases where it 
could be applied with advantage 

Che location of offices should be chosen with regard to the situation of the main 
sources of noise, and attention should be given to the degree of sound insulation 
needed to provide satisfactory conditions, so that this may be embodied tn the 
construction 

In considering the possible nuisance to neighbours of noise escaping from the 
factory, account must be taken of the more important paths by which noise can 
escape. Large access doors which may be open for long periods for loading and 
unloading should be sited on the side where noise is least likely to be a nuisance 
Ventilation by open roof lights may have to be avoided, and it may sometimes be 
desirable to provide a heavier roof than would normally be required, or to introduce 
a false ceiling to avoid excessive transmission of noise through the roof 

he importance of noise sources situated outside the factory, and in particula 

of, is sometimes overlooked. Such sources, e.g. fans, Diesel exhausts, 
compressor intakes, steam discharge pipes, etc., may not be heard within the 
factory or may be barely noticeable above the main factory noise just outside the 
building. At a distance, however, they become relatively more important and may 
principal sources of annoyance. Fig. 1 illustrates a case of this kind 
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Curve (a) shows the noise level in a room containing heavy stamps, and the levels 


throughout the rest of the factory were much the same. Within the factory the noise 


f extractor fans situated on the roof was predominant only in the fan chamber 


tself (Curve /). as shown by the high level in the octave band from 150 t 


At a distance of about a quarter of a mile the fan noise was the principal com- 
wed up prominently in the e anal 


sis (Curve ind 
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meant the prevention of the transmission of sound from one place to another by 


the interposition of a barrier. It is not necessary for this barrier itself to absorb the 


sound energy but only to ow it back, though ultimately it must be rbed 
Sound abs rpluon the dissipation of the sound energy into heat—takes | 
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nsulating treatments need to be combined with 


vering are defined by its sound 
the sound energy absorbed to that 


st suitable sound absorbing 


nature, for example the various types of mineral 


which the sound absorption coefficient of a 

ll depends on frequency and on the thickness of 

itively thin linings will provide high absorption fot 

rge thicknesses are needed to provide good absorption at 
at the low-frequency absorption of a given 
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itment, the material filling the 
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means that only | part in of the sound falling the partition 1s 

through it. An aperture whose area bears the same relation to the 

partition (e.g a partition of 200 ft’) will transmit approximately 

sound as the rest of the p ion and reduce its effective insulation by 

aperture, perhaps for ventilation or for the passage of a conveyor belt, is required 
the loss of insulation which it would otherwise entail may be reduced by the use of 


sound attenuating ducts leading to the aperture. This question is dealt with later 


SOO 1000 2000 Sooo 


Where the complete enclosure of the source of noise a separate cubicle or 


room is not practicable, consideration should be given to the possibility of partial 
enclosure by screens immediately around the noise-producing mechanism. Such 
screens should be as complete as possible and as near as possible to the source of 
noise, and should be lined on the inside with sound absorbing material. In 
cases they might well take the place of safety guards already existing 

Less effective, though still worth while, are absorbent cowls immediately above 
the site of a noisy operation, which can reduce to some extent the noise which 
spreads to the rest of the shop. Where the sources of noise are distributed through- 
ut the whole shop, a general absorptive treatment on the ceiling is advantageous 
except perhaps IO! rr’ ge § [ with higl ilings, when the effect is the 
and may not be justified ec 
difficult to assess. As with an absorben vl, it does not reduce the noi 


+ 


directly to the operator from his own machine. It reduces the noise reachi 
from more distant machines, and the general leve! of reverberant noise th 
the shop. The extent of this reduction depends on the degree of sound 
previously existing, but usually 1 will not exceed about 1B, and the 
the ear of an operator close to a machine m than this 
clarification of the noise from his own machine ma 


benefit to the operator 


(d) Anti-vibration mountings 
In addition to the noise which it produces in the air, a machine may transmit 


vibration through its foundation to the building structure. Such vibration can be 
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Noise Supp ession 


m ) / diSatl ALS 
lt has been observed that low-frequency noises are the most difficult to 

whether by sound insulation, sound absorption or by attenuating ducts 

frequency pulsations, usually produced by a pulsating gas flow, are often a source 
of serious annoyance, however, and other methods for their suppression must be 
sought. These will usually take the form of some type of expansion, baffle, or 
resonant silencer to smooth out the gas flow. The problem is not always amenable 
to a simple solution, and the treatment which can be employed is often dictated 
by factors peculiar to the plant or machinery concerned. Sometimes the best solution 
acoustically is impracticable because space is not available for the silencer needed, 
or it cannot be fitted at the appropriate place in the system—points which could 


yerhaps have been covered in the planning stage. In general the problem is eased 
£ § § 


when the noise consists of a nearly pure tone or a series of harmonic tones based 
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expansion chamber of 50 ft’ (some 15 times the volume flow per stroke 
absorbent type silencer were fitted in tandem in the pipe close to the 
resulting in complete eradication of noise and vibration—the measured residua 
noise shown being due to background noise from the remainder of the site 

lhe use of a resonant low-frequency silencing system is illustrated by Fig. 9 
[his shows the sound pressure levels measured near the intake of a large double- 


cling air Compressor running at about 6°25 rev/sec, thus producing a series of 
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air supply pipe ) e ael y tar a) Betore treats 
rom intake of ai re (b) after 
harmonic tones based on a fundamental of 12°5 c/s. A secondary series 
tones with a fundamental of 625 c/s due to asymmetry in the double 
also apparent. The large component at 12°5 c/s produced rattling of doors and 
windows at a distance of 200-300 yd. At the intake on the roof it was readily 
ybserved that the flow was not entirely inwards, but that the pulsations produced a 
cyclic reversal of flow of large amplitude. This was apparently due to the length 
‘f the intake pipe being such as to resonate to the 12°5 c/s component (and odd 
multiples of it), producing amplification of the alternating components of the flov 
it the frequencies concerned—an effect which might be avoided in some cases by 
a proper choice of the length of the intake pipe. This component was reduced by 
ibout 25 dB by fitting a closed side branch to the main intake pipe near the com- 
pressor itself. The length of the side branch was about 22 ft, equal to a quartet 
wavelength at 12°5 c/s, and therefore resonant to this frequency. Such a quarter- 


vave pipe attenuates also the odd harmonics of the fundamental to which it 


tuned. In addition a perforated plate was fitted between the end of the main 
and its air filter to increase the acoustic resistance at the open end and 


attenuation of the higher harmonics, with the final results shown by the Curve 
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when they wore the plugs than during those when 
small, being only | per cent, but it was consistent 
[he same workers continued the experiment wit! 
confirmed this result 


It was noticed, however, that some of the w 


like them and thought that they did not help much a 


many difficulties which work on human performance presents, namely, 


tive judgments are unreliable when compared with what we are able 
measure. This distinguishes the type of experimental 
Psychology Unit try to do and which has rapidly incre 
years, from what many people consider to be psychol 
think and fee! 
ANNOYAN( 

Perhaps the most general reaction to noise is thi annoyance, and it might be 
thought that the best way to study the effect of noise on human beings would be to 
ok for this annoyance and to look for the effects on emotions which annoyance 
causes, P1 sor BARTLETT in 1934 defined noise a iny sound which is treated 
is a nuisance’. In spite of ; ir progress in measurement it is still very difficult 
to improve on that statement. Of course, it does not refer particularly t 
high intensity, comparatively n eaningless noise so much ; noise 


that, for example, the proof reader wo 

printing concern in a quiet room where the average noise level may be 60 
is just as liable to interruption and annoyance by noises as are the workers 
Monotype caster room where the noise level is 95 dB 

[he trouble is that nuisance, or annoyance, is a very individual matter influenced 
by personality, general mental health and day-to-day mood changes. It can be dealt 
with either clinically, taking every case and every person separately, or in an overall 
statistical way, in which case these individual variations make it very laborious 
and uncertain to extract general principles. Therefore, we who call ourselves experi- 
mental psychologists leave this approach to social psychologists, public opinion 
surveyors and works medical officers, and concentrate instead on what can be 
objectively observed or measured about a man’s behaviour or work or output. This 
does not mean that we regard annoyance or other emotional phenomena as unim- 
portant; but only that we realize that we do not yet know enough about the working 


of the human being to be able to treat these matters generally 


THE EXPERIMENTAI APPROACH 

[he type of noise situation which is probably the most important in practice in 
industry is that of a steady, often moderately intense and comparatively meaningless 
background of familiar noise in which people are carrying out familiar and well- 
learned jobs. From the point of view of the experimenter this is the easiest and most 
satisfactory type of situation with which to work. Meaningless noise is the easiest 
type to produce; a well-practised task avoids a lot of technical difficulty arising 
from a gradual but sometimes sporadic improvement in proficiency. Yet this situa- 
tion is also likely to be a barren one in terms of positive results. We will have, in 
fact, carefully excluded a number of circumstances which the work of the last tw 


decades has shown to produce measurable changes of output on experimental! tasks 
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of experimental tasks which we call vigilance tasks, and they are known 
“Twenty Dials Task”’ and the *““Twenty Lights Task”’ 


THE I Y DIALS TASK 


In the twenty dials task there were twenty steam pressure gauge faces 6 in 


meter distributed on three sides of a 12 ft square with the subject seated in the centre 
[he pointers on these gauge faces were normally stationary and each indicated 
rather below a “danger mark’’. From time to time one of these pointers would 
move until it showed a reading above the danger mark, and when it did so the 
subject had to restore it to its proper reading by moving a knob below the dial 
Ihe time taken between the pointer movement and the turning of the knob was the 
experimental score. This watch-keeping lasted for 14 hr and in this time there 
were fifteen signals, and the time between signals varied from 1 to 12 min. There 

1 few signals which were “‘seen”’ in the sense that the subject was looking at 
the dial when its pointer moved. This proportion showed no effect of noise. The 
remaining signals were “found’’, and of these the proportion found in less than 
9 sec, called “quick-found s the score of interest 

subject 
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INDIVIDUAI 


Consequently, the first group, who were treated in the same 
test, were divided into two sub-groups five according to whether practice 
some improvement or some deterioration. In the first sub-group, whose scores we 
appreciably better than those of the second, it was found that the results in the 
noise condition were appreciably less good than in the quiet condition. It was 
ible to obtain a correlation between the individual scores of practice np! 


effect which was statistically reliable 
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lights into those directly in front of the subject and 
we find that those in front were less quickly seen, which 
rather unexpe we only count these, which were in front of the subject, 
find a small but tistically reliable difference in favour of the quiet condition 
pared with th * condition 
eriment, although there was no reliable difference in « 
conditions, yet we find that there appear to be 
nd differences in the individual subject’s reaction to 


‘ast surprising, although we often hear of experiments 
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nave tound ie! in both the spatial and the 
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Ihe Effects of Noise on Work 


THE SERIAL REACTION TASK 

lo digress for a minute, the ordinary measure of reaction time is one of many 
short tasks which have been explored by previous workers without any effect of 
noise being found. In fact, early experimental psychologists used this measure very 
widely, looking for an effect from all manner of ir «fering circumstances such as 
loss of sleep, high temperatures, or prolonged periods of fatiguing work such as 
that of driving heavy long-distance lorries throughout the night. Always it was 
found that, faced with a short test, the subjects would pull themselves together for 
the necessary few minutes and score a normal result 

In this experiment the subjects’ task differs from the simple reaction time task 
in three important respects. First, it is a choice situation. At any moment during 
the experiment the next stimulus to appear can be one of four possibilities which 
have an equal probability of appearing. The subject has to select the appropriate 
response from four possibilities. This brings in the possibility of error or incorrect 
choice which can be counted as a score. It also requires, in popular language, a 
certain amount of thought 

Second, the task is continued for a considerable time and the subject is to a 
certain extent working against time. Thus, whatever particular effort the subject 
might make to begin with has a good chance of wearing off. Preliminary experi- 
ments were continued for |4 hr, but these tests showed that after all only half 
an hour was necessary to obtain results of interest 

rhird, the score used is not merely an average time taken to make a response 
[his was indirectly measured by counting the number of responses the subject 
made in a given total time; but much more interest was found in the subjects’ 
mistakes and in their manner of making them 

[he subject’s task in this third experiment was arranged like this. He sat facing 
an inclined panel, like a desk, on which were five brass contact discs spaced at the 
corners of a pentagon. Beside each disc was a small neon signal lamp. As each 
lamp was lit up he had to touch the corresponding contact disc with a stylus and 
this contact caused the lamp to be extinguished and the next, one of the remaining 
four, to come on. At the same time a “correct response”’ was recorded on a counter. 
If the subject touched the wrong disc the display still changed, but in this case 
another counter scored a unit of error. If the subject made no response for a period 
ff 14 sec, this fact also was recorded as a “gap” in performance on a third 
counte 

| think in this experiment the average rate was about two per second, so that a 
14 sec gap was a considerable pause. Counters used like this, of course, give 
one an overall score in which there is no record of the individual reactions, and we 
have already noticed that overall scores are less likely to be interesting than detailed 
scores. Nevertheless this arrangement is a reasonable compromise, for not only do 


we have the “error” and “gap” scores but also the group of counters can be 


photographed whenever desired and by subtraction a series of scores can be 


obtained showing how the subjects’ performance changed with time 

The conditions of noise in this experiment were similar to those of the previous 
two, being 100 dB in the “‘noise’”’ condition and 70 dB in the “quiet” condition 
There were eighteen subjects in the experiment, and each had two half-hour periods 


of test. With nine subjects the noise condition came first, and with the other nine the 
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The Effects of Noise on Work 


MOTIVATION 

First, however, there is a point I want to make about motivation. This is a point 
which is raised by the second part of the third experiment. Motivation is a difficult 
subject to introduce in experiments of this kind, and it is even a difficult word to 
define properly. Nevertheless, even if the word is not mentioned in an experimental 
report, there are implied assumptions about it. The most usual state of affairs is 
that the experimental subjects are research workers or students, and although it is 
usual, wherever possible, not to tell the subject what the experiment is about, 
nevertheless the subjects are people who take a serious view of the importance of 
research in general and can be relied upon really to try to do their best and to 
concentrate on the task in hand. More than this, it is known that students and 
research workers who are people of reasonable academic attainment tend to be 
comparatively resistant to fatigue effects and are less likely to be upset by noise 
than the average for the population. They have the ability to concentrate 

In these experiments, however, the subjects were not so selected. They were all 
young Servicemen of no more than average attainment and, furthermore, they had 
no particular interest in research in general or in the effect of noise in particular 
[heir motivation is probably very like that of most industrial workers. They were 
just doing a job of work. Perhaps it had some slight novelty value, but they were 
mainly constrained to try to do it well by such matters as personal relationship 
with the experimenter, self-respect and such-like matters which cannot be properly 
defined, still less measured 

For this last group of subjects, however, the preliminary attempt to suggest that 
noise had a stimulating effect would be calculated to give them a greater interest in 
the work as a whole. In fact, their overall score of errors was less than for the 
group of “‘unencouraged”’ subjects, although the relative effect of the noise was 
just as great 

[oo much stress must not be laid on this point, however, but we can say with 
confidence that in spite of the suggestion that noise would help them the lasi 
group of subjects still made reliably more mistakes in the noise than in the quiet 


condition 


THE MECHANISM OF THE EFFECT OF NOISE 

Now we have to consider how a noise can interfere with performance. It was 
stated earlier that these experiments would be concerned with familiar noise and 
its effect upon familiar tasks. First, the subjects were all used to working in this 
type of noise, of this order of intensity, and the noise was of no particular characte! 
or meaning, so it is reasonable to claim that the first condition was fulfilled 

On the other hand, it is necessary in laboratory experiments to use artificial tasks 
which will concentrate on some particular type of performance or skill and will 
enable us to measure the results in various ways. To fulfil this second condition it 
is therefore necessary either to give the subjects practice on their tasks before the 
experiment starts or to use tasks where we know that practice is not very important, 
and to arrange the experiment in such a way that if any steady change in output 
with time occurs we can find it 

In these experiments the last method was used. It is known that learning occurs 


primarily in the control of movement or the analysis of complicated sensory inputs 
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of the subjects’ performance which are to some extent distinct from their goal or 
target. In the first and second experiments the subject was looking for rare signals 
and whenever he saw one he made the appropriate response. The change that noise 
brought about was that some signals were not noticed as quickly as they were in 
quiet conditions. Noise has no effect upon eyesight or on speed of response and 
therefore the change must be one of attention 
In the third experiment the subject was steadily working away at his choice task 
ind turning out a large number of right responses, about the same numbet 
noise as in the quiet condition, but from time to time there was an interrupti 
At first there were distinct breaks and later there were 
in the minutes of work but they 
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“HAS YOUR WORKER A NOISE PROBLEM?” 
R. HINCHCLIFF! 


on Deafness, King’s College Hospital Medical Schoo! 
London 


INTRODUCTION 
IN the sphere of noise hazards, the question which frequently confronts managerial 
staff, occupational hygienists and industrial medical officers is: “‘Has a particular 
employee, or group of employees, a noise problem? 
[he answer to the question must be based on a consideration of the various 
deleterious effects of noise in the industrial intensity range, i.e. overall levels up t 


120 dB S.P.L. These deleterious effects can be arbitrarily classified as follows 


mmul cau IT 


Influence on behavi 
Impairment of hearing 
Physiological effects 


Increase of accident rate 


Individual consideration of whether any of these factors is creating a problem 
Gecide whether there is a noise problem in general 

| shall attempt to emphasize aspects not stressed by the speakers at the Confer- 
ence, but, in an effort to maintain coherence and obtain an integrated paper, some 


overlap is inevitable 


INTERFERENCE WITH COMMUNICATIONS 

Che disruption or “masking” of speech communication by noise may occur al 
relatively low levels of sound intensity and is, as Davis (1951) remarks, probably 
the most deleterious effect which it has on man’s behaviour. Work output is prob- 
ably most sensitive to noise when it depends on speech communication 

As TONNDORF (1951) says, amongst the factors which are of importance in 
working towards a solution of this problem is a thorough understanding of both the 
capabilities and limitations of the human ear in differentiating sound signals from 
noise backgrounds. It is not merely a question of the signal-to-noise ratio. The basic 


process involved in the problem is masking, i.e. the phenomenon of the threshold 


for one signal being raised by the simultaneous presence of a second signal 

[he masking of pure tones by other pure tones was first investigated systematic- 
ally by WeGer and LANe (1924), whilst the masking effect of white noise on pure 
tone and speech perception has been studied by FLETCHER and MUNSON (1937), 
FRENCH and STEINBERG (1947) and HAWKINS and Stevens (1950). The main 
features of auditory masking are well summarized by HirsuH (1952), who points 
out that the unifying concept in these matters is provided by FLETCHER’s (1940) 
critical band. The critical band is derived from two assumptions: first, the onl 
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masking in a given noise are those frequencies which are 


around the frequency of the pure tone being masked; 


tring 
ist audible in a given noise, the total energy in this critical 


jual to the energy of the tone. The width of the critical band 


JUCTICICS 


ther complex sounds, has a particular frequency-intensity 
the Bell Telephone Laboratories have shown 
range, different frequencies vary in their relative 

telligibility (FRENCH and STEINBERG, 1947) 
It is possible eans of a so-called articulation index which is based on the 
ound spectrun as the overall intensity of a noise, for acoustics engineers 
© calculate in ad ce the effect which a particular noise will have on the ability 
» communicate speech. However, as HIRSH ef al. (1954) point out, the intellig- 


f words function not only of their physical characteristics but also of 


mus I tii 


bility 
uch factors as \ bability in the language and similar contextual clues. Thus 
FRENCH and STEIN s (1947) articulation index, which is calculated from physical 


characteristics vill predict best the intelligibility of items which depend 


characteristics, e.g. nonsense syllables 
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“ Has Your Worker a Noise Problem? 


In noises whose spectra conformed to the S.I.L. —75 contour, personnel would 
have to speak in a very loud voice and use a selected and possibly prearranged 
vocabulary to be adequately understood over a distance of about | ft. The maximum 
overall S.P.L. of noises meeting this requirement would be of the order 110 dB. 
Just reliable communication by raising the voice over a 2 ft distance or shouting 
over a distance of 8 ft should be possible in noises whose spectra conformed to 
the S.L.I 65 contour. In noise fields of the S.L1I 55 contour type, communi- 
cation should be effective with a normal voice at a distance of 3 ft, or with a very 
loud voice from a distance of 12 ft, whilst normal conversation should be possible 
over 12 ft when the noise conforms to the S.I.L. —45 contour (PARRACK, 1952) 

An alternative to Beranek’s octave-band method for assessing the intelligibility 
of person-to-person speech under noisy conditions is the method of PickEeTr and 
KRYTER (1955). In this method, the S.P.L. for each of the octave bands 300-600 c/s, 
600-1200 c/s, 1200-2400 c/s, 2400-4800 c/s and 4800 c/s up is multiplied by a 
factor 1, 1, 2, 2 and 1 respectively. The total of these weighted measures is then 
averaged by dividing by 7. Table | shows the maximum permissible weighted 
average noise for 80 per cent word intelligibility at two distances and for three 


conditions of vocal effort 


TABLE 1. MAXIMUM PERMISSIBLE WEIGHTED AVERAGE NOISE FOR 


SU PER CENT WORD INTELLIGIBILITY 





Normal Loud Very loud 


(Long R.M.S. S.P.L. 1m ong R.M.S.S.P.L.1m (Long R.M.S. S.P.L. 1 m 
from lips 65 dB) from lips 71 dB) from lips 77 dB) 


Distance 
talker—listener 


At ear (1 in.) 


4it 





We can therefore summarize the interference-with-communication effect of noise 
by saying that, far from being due merely to the signal-to-noise ratio, it is depen- 
dent on a complex of factors ranging from precise physical ones to less tangible 


psychological phenomena. For person-to-person speech in noise, however, good 


predictions of the intelligibility can be obtained from the results of octave barid 
analyses. The methods of BeraNek (1950) or of Picketr and KryTer (1955) may 


be used 
2 UNDUE LOUDNESS 

Loudness may be a factor in the “annoyance value”’ of a noise, but it is here 
given special consideration because it is one of the chief psychological dimensions 
of what we hear. Thanks to the work of STEveENs (1936, 1955, 1956 and 1957) and 
his collaborators, we can now measure loudness and calculate the loudness of 
continuous spectra. Loudness is the subjective strength of a sound as heard by the 
typical (=median) listener, and, as STEVENS and TUuLvING (1957) remark, its 


estimation can be performed by untrained observers in a relatively diffuse sound 
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Has Your Worker ; oise Prot 


above about 2 kc/s, REESE and KryTer’s equal-annoyance curves fell below the 
equal-loudness curves at the rate of about 4°5 dB/octave 


(2) Intensity 


Sound levels as low as 90 dB S.P.L. may produce feelings of unpleasantnes 
the part o me subjects (FINKLE and Poppen, 1948), although Dav: 
st persons exposed to levels a ugh as 120 dB S.P.1 
se in their work apparently become indifferent to it. Recently, SpreTH 
has obtained annoyance threshold judgments for noise. Individuals 


adjust the intensity of a noise to a level which, if any louder, would 


the time wher y were working. For indivi 
rked, in ig poise levels, the median 
88 dB S.P I 


ol | 
‘ss and p 10d i factor annoyance since subjec 

958/60 - 
tint inchanging sounds. This is prob the underlying 


ALLENBACH § (1918) monstration of 


‘ } 
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ntermittent noise 


MILLER (1947) concluded that the ann 
primarily u the particular listener and the particular 
is himself. Thus it e atively easy to annoy a sensitive 


icult menta! 


(KRYTER 


(Dicks 


i function of s yne but is merely 
n which can be achieved by other stimull 
psych logical nat 
ENBLITH ef al. (1953) vill continue 
vance by noise. It is to be h yped that they will be able 
wer to the problem by adopting a reasonably operational definition 


of the annoyance concept in their experiment or opinion poll.” 


4 E ON BEHAVIOUR 


From the productivity angle, data on the effects of noise on output effi 


are clearly of prime importance. The classical field study was that of Weston and 


~ 


ADAMS { 193. 


and 1935), who investigated the performance of weavers by reducing 


(by wearing ear plugs) the sound to which they were exposed. These results, 
however, and their interpretation, have been subject to severe criticism 
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Has Your Worker a Noise Problen 


D.R.C.s have been put forward, but that calculated by BuRNs and LITTLeR (1956) 
from data given in the American Z.24-X.2 report is probably near the truth 
(LittLer, 1958). This D.R.C. agrees fairly well with one deduced experimentally 
from auditory fatigue data (HINCHCLIFFE, 1957) 

As with noises in general, the spectra of industrial noises show diverse forms 
and no one industrial noise has a spectrum conforming to BurNs and LitTTLer’s 
D.R.C. Consequently it is impossible to lay down a single overall sound pressure 
level which must not be exceeded if the noise is to remain innocuous. However, 
bearing in mind that the D.R.C. is only a statistical concept, and having considera- 
tion for the spectra of industrial noise in general, one can say that a noise of overall 
level of 90 dB S.P.L. indicates the borderline between innocuous and injurious 
levels. This limiting condition is for daily exposure times of less than 8 hr working 
sessions. For shorter daily exposure times, higher intensities may be permitted 
ELDRED et al. (1955) point out that, assuming the risk of cochlear damage is depen- 
dent on the total acoustic energy delivered to the ear in a given exposure session, 
the allowable noise levels can be increased by 3 dB for each halving of the exposure 
Chus, for short-term exposure to the spectrum of typical jet-exhaust noise, 
maximum permissible overall level of 100 db S.P.L. for 8 hr may 


with 10 sec exposure to an overall noise of 135 dB S.P.L.. the maximum 


time 


permissible for unprotected ears for any duration. This energy-duration conce 


now been incorporated in U.S. Air Force Regulation No. 160-3 

Unfortunately, the D.R.C. specifies limiting acoustical environmental conditions 
for groups of people only. The criterion leaves out the question of noise hazard fot 
the individual worker, for whom it cannot make a forecast. This is because the 
factor of individual susceptibility. Contrary to a recent assertion (BROADBENT, 


1957a), investigations into individual susceptibility to acoustic trauma are not new 


In 1929, TemMKIN had the idea that a personal prophylaxis for potential worker: 
in noisy industries should be based on an auditory fatigue test. In 1940, PEYSER 
introduced such a test. This test was modified by WILSON (1943 and 1944), by 
Kimi (1947), by Peyser himself (1947) and finally by THEILGAARD (1949). More 
recent tests, using noise in lieu of pure tones as the stimulus, have been proposed 
by WHEELER (1949), by GreISEN (1951) and by GALLAGHER and GoopwiIn (1952) 
The test proposed by the last-named workers seems the most promising. Recently, 
JERGER and CARHART (1956) have made a contribution to this field of study, whilst 
LAWRENCE and BLANCHARD (1954) determine the threshold of distortion as an inde» 
of noise susceptibility 
Predictive tests employing temporary threshold shifts are already in use in tw 
A test using a 105 dB S.P.L. noise stimulus is given in Denmark as pari 


countries 
1956), whilst a tes 


of a pre-employment physical examination (CHRISTIANSEN, 


using a pure tone stimulus is employed for personnel selection by the Czecho- 
slovakian Air Force (KimiL, 1947). However, despite these practical application 
and a partial validation by JeRGeER and CaRHaART (1956), a proven, acceptabl 


predictive test for noise susceptibility is not yet available 

Consequently, it devolves upon audiometry to indicate which particular worker: 
are suffering, or have suffered, from noise-induced hearing defect 

[he methodology of industrial hearing tests using classical clinical pure-tone 


1udiometry has now reached an established form (HINCHCLIFFE and LITTLER, 1958) 
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full frequency scale threshold of hearing determinations need not be made. Single 
frequency screening audiometry may be employed, since more than 99 per cent of 
industrial workers will show no greater hearing loss at 4 kc/s than at a lower 
frequency (House, 1957). A suitable available instrument is the battery-powered, 
transistorized Ambco Model 800 “‘Oto-Chek”’, which provides a 4 kc/s test tone 
at screening levels equivalent to 20, 35 and 50 dB hearing loss. As House (1957) 
remarks, sound-treated test rooms for these instruments are unnecessary, since the 
ambient noise in most offices has a negligible masking effect at 4 kc/s. Moreover, 
the simplicity of such instruments dispenses with highly-trained operating personnel 

Should screening audiometry indicate a significantly high incidence of hearing 
defects in a group of workers in a noisy location, then standard clinical threshold 
audiometry must be employed. Pre-employment audiometry must also be arranged 
for further entrants into that industry. Furthermore, all individuals with significant 
hearing defects should have an audiologic assessment with full diagnostic audid- 
metry 

SUMMARY 


The answe » the question ““Has your worker a noise problem depends on 


an appraisal of the nature of the acoustic environment. A noise analysis alone will 


only indicate the potential hazard. The actual hazard must be directly measured 


i 
Permanent noise-induced hearing losses may be discovered by single-frequency 
screening audiometry, but the degree and course of these defects can only be 


determined by serial full-frequency threshold determinations 
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ANALYSIS AND CONTROL OF VIBRATION 
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are seen simultaneously, ¢ 1 Fig. 2(b), an > amplitude can 
This is an instrument of Categor ; > the eve is stationary, as 
microscope on a rigid base, which > ust yr smaller amplitudes, particularly 
in conjunction with stroboscopic illumination 

\ somewhat more elaborate instrument is the mechanical vibrometer. I 
where a probe lightly sprung within a hand-held casing is pressed against 
surface and causes a pointer to vibrate with magnified amplitude act 
(Category 2). The same mechanism, usually in the seismograph form, 1s 
the vibrograph, where a vibrating stylus lever pivoted on eismic mass make 
permanent wave form record on a moving ce 1 strip (Fig. 2 d). Vibrogray 
of this kind may be usable down to frequencies of some 10 c/s and amplitudes 
00005 in 

An elementary mechanica rm of frequency analyser consists Oj 
reed of variable length (Fig. 3 he device is held against the vibrating 
the length varied by means of a knurled traversing knob until the reed comes int 
visible oscillation due to resonance with some component in the vibration. The 
relevant frequency is then read off on the scale of reed lengths 

For detailed study of vibrations it is necessary, however, to use more sophisti- 
cated equipment in the form of an electrical vibration pick-up 


necessary with appropriate display, recording and analysing geat 
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facility is a built-in electrical integrating or differentiating circuit, so that displace- 
ment, velocity and acceleration wave forms may be derived from a single pick-up 

Owing to the relatively low frequencies involved, frequency analysis of a vibra- 
tion wave form usually requires a high-quality tunable filter of very narrow 
width, preferably of the constant-percentage-bandwidth type. In vibration wave 
forms pure-tone and random components are particularly prone to be combined, 
and the precautions necessary when analysing such mixed wave forms (see Dt 
LITTLER’S paper) are very important 

In observing transient wave forms, care must be taken that no important pat 
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Now while this model, or even the superposition of several such sys 
differing resonance frequencies, is clearly a gross oversimplification, the 
appear to show some slight correspondence with subjective observations made on 


human sensitivity to vibration. Fig. 5 a curve due to GOLDMAN (1957) sum- 


ge 4 


marizing various results for sensitivity for exposures of 2 


Q min to sinusoidal 


Wwe 


vibrations variously applied. The accelerations are plotted for convenience as 


multiples of the gravitational acceleration, g. The curves do give some indication 
of a low-frequency plateau, middle-frequency minimum and high-frequency rise 
(cf. Fig. 4 c). Not too much weight should of course be attached to this, though 
resonances are known to occur in the body in the range above 5 c/s. Inasmuch as 
the variation of levels with frequency is tolerably small, having regard to the 
inevitable indeterminacy of such measurements, there is some justification for 


regarding the human body as an acceleration-sensitive device. It is premature to 
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horizontal force applied to a body mounted on springs beneath it. This rotation 1s 
avoided if the springs are attached at the level of the centre of gravity (Fig. 8 c) 


In the presence of coupling, the calculation of the natural frequencies and the 
isolation is considerably more complex, and in general the performance of an 








THE APPLICATION OF CORRELATION TECHNIQUES IN 
NOISE ANALYSIS 


DERWENT M. A. MERCER 


Physical Laboratory, University of Southampton, Southampton 


INTRODUCTION 


For several years past, attention in noise analysis, and indeed in many branches 


1 


of communication, has been concentrated on the frequency spectrum. The use of 


Fourier’s theorem, and the development of analysers which permit the examination 
of a spectrum in different bands of frequencies, have been very fruitful; studies of 
the wave form—i.e. the time-pattern—of the noise have received little attention 
Recently, however, it has been realized that to look at noise problems in the 
“time domain” can lead to valuable results (Lee, 1950), and correlation techniques 
represent some of these (Gorr, 1955). The following is a highly-simplified account 
of some ways in which results can be obtained in noise analysis, which are difficult 


or impossible by conventional means. While there is no space for details, it is hoped 


that descriptions of the methods will be interesting to some who are working on 


these problems, and show them the advantages which, in many cases, the correlator 


rH! PHYSICAI EXPRESSION OF CORRELATION 


As an introduction to the idea of correlation, let us assume that a large multiple 


store in a manufacturing city wishes to have some idea how to forecast its sales 
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When two graphs are plotted, as shown in Fig. | (a), of sales of minor items and 
consumable goods at A, and major items (furniture, large electrical appliances, etc.) 
at B, there appears to be no resemblance between the two sales-patterns. While each 
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ouse (Fig. 5) and we have to determine which of the 


contributor. If the different noises they make are 





Ihe Application of Correlation Techniques in Noise Analysis 


Reduction in wind noise 

If we are trying to measure, say, the level of noise on the ground due to an 
aeroplane flying overhead, and a strong wind is blowing, the noise of the wind 
over the microphone might well mask the noise of the aircraft. As the noise is 
random and of a similar nature to aircraft noise, it is virtually impossible to separate 
them 

Che wind noise is due largely to eddies, which are of course finite in size. This 
means that two microphones separated by a few feet will be acted on at any moment 
by different eddies, and thus the outputs of the two microphones due to wind noise 
will be incoherent; the noise from the aircraft, however, will be the same in each 
If we cross-correlate the two outputs, only the aircraft noise will contribute to the 
correlation function; the wind noises, even though they may be quite large, will be 
incoherent and so average out to zero. An increase in signal/noise ratio of over 


20 dB can be easily obtained, and for this application no delay unit is needed 


The choice of separation is important. If the microphones are too close, the wind 


ses will become coherent, leading to error; if they are too widely separated, 


I i 
directional effects will appear, as the aircraft noise may not reach th microphones 
exactly in phase. (This directional property can in fact be used, as will be discussed 


later.) 
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Application of or! ition Techniques in Noise Anal 
of testing, say, an acoustic filter for impulse response. On a different scale, the 


impulse response of an aircraft or other structure may be carried out without using 


impacts by driving a vibrator with random noise, using a pick-up at the desired 
point, and cross-correlating the two signals 
localization, mentioned above, may be applied to 


a complex 


[he method of noise source 
finding the path taken by vibration from one point to the other in 
[he peaks in the cross-correlation function between signals picked up at 


Structure 
the two points will indicate the delay time (or times, if there is more than one peak), 
and examination of the structure, knowing the speed of sound in different parts, 
should give the appropriate paths 

In the section on microphone wind noise it was stated that two microphones, 


separated by an appreciable distance, will behave as a directional microphone 


By using more elaborate arrays, and by using different delay times, a highly- 
directional unit may be obtained 


A rotating, two-microphone array may be applied to determine how diffuse is 


the sound field in a room, a property which may have some bearing on its acoustic 


qualities. If the sound is perfectly diffuse, i.e. travelling with equal energy in all 


directions, there will be no change in the cross-correlated output of the microphones 
I 


(with delay corresponding to the acoustic path difference between them) as they are 


rotated: but if the sound field is directional, the variation of the cross-correlation 
function will indicate it 
HIGH-SPEED CORRI rION 
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rmer did 


iboratory experiment: AN DISHOEFCK (1948 
and VAN Goor (1952) on au ry fatigue after stimulation with pure 
studied > effects of I ‘xposure to white ise, to recorded industrial noise 
and to octave-band noise ave-band noise was found to have the same fatiguing 
properties as have pure tones respect of the relation between frequency <« 
the stimulus and frequency of the threshold-shift. Wide-band noise caused more 
threshold-shift when the amount of low tones was less, the total sound level being 
the same. In these experiments with short exposures to loud tones or white noise 
the values of maximal threshold-shift did not show bimodal distribution. No distinct 
separation but a gradual change from noise-susceptible to non-noise-susceptible 
individuals was found 
INDUSTRIAL STUDY 
In order to study the correlation between industrial noise level and resulting 


hearing loss, three methods were developed to determine the amount of acoustic 
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(a), (d) and (e) are mainly of value for differential diagnosis. If the hearing losses 


at low and high frequencies are small and there is no difference between air- and 
bone-conduction audiograms, then most often a pure acoustic trauma is present. If 
they are large, another kind of deafness must usually be considered 

Contrary to these values, which indicate the purity, (6) and (c) indicate the 


severity of the noise damage and the menace to comprehension 





The degree of damage 
We coded both values (+) and (c) (Fig. 2) and joined these ciphers by simpie 
addition into one “degree of damage” for each individual ear (see Table 1). Thus 
we took into consideration both the depth and the width of the typi 
(Fig. 3) 
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conditions a control group of new entries, rather than use a relatively uncertain 
standard threshold 
RESULTS 

On classifying the men according to the noisiness of their occupations, the 
resulting distribution was 

From jobs in industries where a noise hazard possibly existed, 

e.g. coal mining, shipyards, forges, machinery of noisy type Si men 
From relatively quiet work, e.g. offices, shops, quiet farming, etc 25 men 
Direct from School 5 men 


1] 


Men with a history of work in extremely noisy surroundings (10 per cent) were 
excluded without reference to the audiometric findings. Also excluded were those 
(9 per cent) with more than a fixed criterion of gunfire exposure (mainly Army 
Cadet Force and others who had fired shot-guns), those with minor ear pathology 
(S per cent) and one subject each with ear-drum perforation, history of fractured 
skull involving the ear, and severe perceptive deafness of non-industrial pattern 
his left a control group of 73 per cent of the recruits examined whose average age 
was 17°7 years. Usual audiological practice was followed in expressing thresholds 
for the group in terms of the median value with lower and upper quartiles; these 
were calculated for a range of 8 test frequencies (250-8000 c/s) treating left and 


right ears together. 


After excluding from the control group all those who had fired 8 or more rounds 


from small arms (including even the 0°22 in. rifle), there remained 15 per ceni of 


the total who could be considered otologically pure. The median threshold of this 
restricted sample was also computed as a check on the control group as a whole 
Averaged over the 7 lower test frequencies, the otoJogically pure group had more 
acute hearing by only 0°4 dB though at the eighth test point, 8000 c/s, their hearing 
was better by 3:0 dB 

Calculation of the modal values of the thresholds of the main control group fot 
comparison with the British standard figures (given only in terms of modal values) 
showed very good agreement at 250 and 8000 c/s, and at intermediate frequencies 
the hearing of these subjects approximated to midway between the British and 
American standards 

[he 10 per cent who had been exposed to extremely noisy working conditions 
were cf similar age (average 18-8 years) to those used as controls and therefore no 
question of a correction for presbycusis arose. As expected from the known 
general character of industrial hearing losses, the maximum divergence between 
the median thresholds of these men and the control group occurred in the form of 
a 4000 c/s “notch” and amounted to 64 dB. At 4000 c/s the interquartile range 
was 18°6 dB compared with 9:2 dB for the controls 

Here, for the purpose of illustration, the level of zero hearing loss corresponding 
to the British Standard has been adopted. That a certain indifference to the use of 
the British Standard exists is indicated by the fact that the following figures are 
believed to be some of the first clinical audiograms published in which hearing 


losses are referred to this reference level. Fig. 1 shows the audiograms of three of 
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School metal-work classes—panel-beating, forging, etc. Course lasted 6 weeks 
Dullness of hearing and tinnitus for seconds only 

Various employments—lorry driver; frying noises in a potato-crisp factory; 
noise of handing steel crates in a brewery. All of short duration, “not very 


noisy” and with no temporary deafness or tinnitus noted 


Lawnmower-motor mechanic for | year. Very small 2-stroke engines, running 


5S—6 hr per day, but only very noisy |l—2 times per week. No te 


deafness or tinnitus noted 


Aged 16 years, 7 months 
Had only fired about 6 rounds 0°22 in. rifle at funfairs (right shoulder) 
Industrial noise-exposure 
Surface worker at a coal-mine for 18 months. A clattering noise; not ver 
but had to raise voice to be heard. No temporary deafness or tinnitus n 
( ase ¢ 
Aged 18 vears 
Had never fired a gun of any type 
Industrial noise-exposure 
Copper-smith for 2 years, 8 months. Hammering and riveting 
temporary deafness or tinnitus noted 
Note the clinical findings in these cases together with those of Fig. 2 were such that 
the losses could be considered with certainty as being perceptive 
In addition to the cases mentioned above, other industrial noises from which 
hearing losses (a high-frequency notch of 15 dB or more) had resulted in some 
of the 111 subjects were 
Blacksmith, coal face (machine cutting and blasting): 2 subjects each 
Aircraft riveting, plumbing (hammering), printing, riveting (by hand), timber 
mill, tube mill, welding (with hammering and banging): | subject each 
rhus at least 13 per cent of the men examined had a detectable hearing loss due 
to industrial noise-trauma 
As part of the detailed consideration of the auditory acuity of this group of 
young men, reference has to be made also to the effects of small-arms fire, to which 
a high proportion have been exposed in school cadet forces and in sport. The 
resulting hearing defects are generally difficult to distinguish from those due to 
typical industrial noises and it is therefore pertinent to mention their occurrence in 
the proceedings of this Conference. Unless specific enquiry is directed during 
hearing conservation programme towards such spare-time activities, it is more than 
a theoretical possibility for a high-frequency notch to be attributed to noisy working 
conditions whereas, in fact, it could be due to participation in shooting as a pastime 
It is noteworthy that only 36 per cent of the recruits examined had, on entry, 
never fired a gun larger than an air-rifle, and 50 per cent had fired 10 rounds of 
more of the larger fire-arms with an average of 454 rounds (falling to 253 if one 
man claiming over 10,000 rounds is omitted). Particularly little attention is paid to 
the possibility of damage to hearing being caused by the popular 0°22 in. rifle with 
its somewhat puny note compared with the sharp crack of the 0°303 in. counterpart 


Many 0°22 in. rifles are fired on reverberant indoor ranges and no one concerned 
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Ihe Scottish Audiome 


standard of auditory threshold is based on a particular type of earphone (S.T. 

4026A) and of artificial ear (B.S.2042 in Artificial Ear for Calibration of 
Earphones of the External Type). For any earphone of type 4026A the excitation 
voltages corresponding to threshold loudness at various frequencies can be deter- 
mined by reference to the standard earphone and artificial ear kept at the N.P.I 

[his information was obtained for two 4026A earphones obtained as subsidiary 
standards for the Scottish Audiometer Calibration Service. If all audiometers were 
equipped with earphones of this type, the calibration procedure would be relatively 
simple. In fact, four kinds of earphone (S.T.C., Telephonics, Permoflux and S. G 
Brown, type K) are used in British audiometers of recent manufacture. For each 
of the three non-standard types the excitation voltages to give threshold loudness 


must be found by loudness balance tests 


These tests were carried out during July and August 1957 by a team of five 


observers using the following procedure 


(1) A 4026A earphone, excited to give a sound approximately 60 dB above the 


normal threshold, was applied to one ear 


(2) The earphone under test was applied with equal pressure to the opposite ear 
ind supplied with a variable voltage input, under the control of the observer. A 
change-over switch enabled either (but not both) of the earphones to be energized 
When the two sounds were judged to be of equal loudness, the excitation voltages 
were read from a valve voltmeter by a second observer and their difference was 


calculated 


(3) With the earphones in the same position, the electrical channel (oscillator, 
amplifier and attenuator) first used to supply the left earphone was switched to the 


right earphone and vice versa. The loudness balance was then repeated 


t 


(4) The earphone first applied to the left ear was transferred to the right ear and 
vice versa. Tests (2) and (3) were repeated. The mean difference in excitation levels 


was calculated from the four sets of observations 
(5) The procedure just described was carried out at each of the ten test frequencies 
between 125 and 8000 c/s. Each observer performed tests (1) to (5) *n occasions 


making forty loudness balance judgments at each of the ten frequencies 


(6) The same cycle of measurements was made for a sample earphone of each 
type used in commercial audiometers 


(7) Each earphone (including the two 4026A sub-standards) was applied to the 


irtificial ear and supplied with a suitable excitation voltage to give a sound 60 dB 


above the threshold of normal hearing. The output of the artificial ear was noted 


for each frequency. These observations formed the basis for performance tests on 
the audiometers submitted for calibration 

Results of the loudness balance tests o1 | Tele; nol 
in Table | 

The outcome of the loudness balance tests for this and the other two non- 


standard earphone types is summarized in Table 2 

















CALIBRATION 


priate reference established 


rk I cal I l i A censu 


hy later 


/ 

vitals 

ty Genera 

re und 

miries area 
omete! r calibrati 
the hool med 


the al authoritie 





[he Scottish Audiometer Calibration Service 


ARRANGEMENTS FOR CALIBRATION 

Each audiometer is brought to the Regional Physics Department or sent by 
passenger train at a time and date arranged beforehand. The calibration is performed 
and any necessary repairs are carried out within 24 hr; a few instruments needing 
extensive overhaul have been kept for a longer period. With the excellent help of 
British Railways a simple and reliable system has been evolved for transport from 
Edinburgh and more distant parts of the country. The audiometer is brought to the 
Station at a specified time and placed in the guard’s van of a through train to 


Glasgow. No wrapping or packing is necessary. A member of the Regional Physics 


Department meets the train on arrival and removes the audiometer. Similar 


arrangements apply for the return journey. Nearly thirty audiometers from various 
places in Scotland have so far made the double journey without damage o1 

No charge is made for the calibration and repair service, the running cos 
borne by the Western Regional Hospital Board. Several members of the st: 

the Regional Physics Department are involved in the calibration service 


[he following tests and adjustments are made on each audiometer 


Measurement, with artificial ear, of output levels at indicated 


of +60 dB for each earphone and each frequency 


Measurement of each output frequency 


(3) Measurement of all attenuator steps betwe 


\ 


KI ¢ 
Continuity of cords, plugs and sockets 


(5) Cleaning of switches and contacts where necessary 


FINDINGS ON EXAMINATION 0 DILOMI 
The results of tests 


Out iq it 


‘ 


The output levels were measured at each frequency at 60 dB above thi 
I 


ind compared with the values found by the standardizing procedure describec 


| 


] 


a previous section of this report. A complete table of the errors is contained 
Appendix 3. Its contents may be summarized as follows 


lotal number of output level measurements 


Distribution of errors 


Less than 20 dB 


r 
LO 


More than 


seen from Appendix 3 1otf One audiometer oO 
instruments gives output levels within 3 dB of the standard 
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were found to be in need of repair in the department’s workshops before the 


calibration could be done 


FUTURI ACTIVITIES 


So far it has been possible to measure output levels for air conduction only 


are in preparation. In particulat 


idards for testing bone-conduction receivers 


expected shortly on the design of an artificial mastoid as the outcome 


f a long programme of work at the N.P.L. Regular calibration of bone-conduction 
receivers will be provided as soon as the necessary instruments can be obtained 
A large number of audiometers used in the school medical service should 
Certain administrative difficulties 
including the provision in additional Scientific Assistant, remain to be overcome 

can be extended in this way. The evidence so far available 


measurements is no better in school clinics 


certainly be calibration scheme 


before the service 
suggests that the accuracy of audiometric 
than it w in hi a few months ago 
(3) It is intended that each audiometer shall be sent for calibration two or three 
times each vear. The interval between successive examinations will be determined 
in the light of experience gained during the first ye rr two of the service 


ALTBRATIONS 


ponse 1 
yitmeter 
nplifier 
crophone 


rtr leo 
Pirie 


ilibrated receivers, type 


Probe tube microphones 





APPENDIMA 





Jol. ] 
958/60 


( orrection 


Audiomete 


APPENDIX 


ERRORS IN OUTPUT 


lactors 


in dB 


nec 


cessary to obtain true 


by 


LEVELS 


Or st) 


audiometer 


AUDK 


hearing k 


IMETERS 


ss from 


values indicated 





Serial No 125 


1000 


1500 


2000 


3000 


4000 


6000 


6 


8000 c/s 


10 
XK 


16 


15 











4000 6000 SOOO ¢ 

















METHODOLOGY OF AIR-CONDUCTION AUDIOMETRY 
FOR HEARING SURVEY 


HINCHCLIFFE and T. S. LITTLER 


ifmess, King’s College Hospital Medical School 


London 


INTRODUCTION 
consciousness in industry in particular, and in people in 
mulus to both more intensive and more extensive noise 
in individual susceptibility to noise (URBANTSCHITSCH, 
L895; LARSEN, 195 s impossible to predict satisfactorily the noise-induced 
hearing loss in a ¢ ndividual. Only by actual measurements of individual 
hearing lo in a factory answer be obtained. Thus, an adequate programme 
of n yntrol dit | towards hearing conservation must be based on serial 
audiometry with pr er-employment hearing tests. It is merely a matter of 
time before heariu rveys become a regular feature of industrial medicine 


Furthermore, in an eff to obtain comparative data and, at the same time, obtain 


information on the ilence of deafness in general, community surveys will be 


essential. So far, thet s been little uniformity of standards or of procedure in the 


surveys that are being, or have been, done in this 

country he | D4 us paper to present our method of approach 
developed on our experiences in this field. We also hope that the contents will find 
wider application, a e of some help to those embarking on audiometric work 
It is convenient | roach the problems in threshold audiometry by considering 
the various factors « erned in the whole procedure, with a discussion of thei 
relative importance 1 the variabilities occurring in them. These various factors 


are classified and ta {in Table 1 


1 HEARIN 





nent settings and characteristics 
(consider together with earphones, see below), i.e. errors 
in zero hear s, in frequency and in nominal values of attenuator steps 
Impurity of form 
(ii) Acquired error nd fluctuations re 

(a) Intensity 

Misal ents of the attenuator dia 

2 Chert c valve failures 


Deve ent of open circuits on resistor chains 








1 ABLI 





Resistors or condensers breaking down or changing value due to 
overheating 

5. Electrical leaks 

6. Variations in electrical input 

(4) Frequency 

Oscillator drift 

|. Oscillator drift 

Introduction of noise 

Noisy contact of attenuators 
Valve failures, especially output valve 


Loose contacts 


B Integrity of Leads 
Errors may occur due to 
1. Oxidation of lead connexions 


2. Use of incorrect jacks 


Earphone Characteristic 
Consider together with audiometer and leads calibration of instrument as 
a whole 

Errors may occur re 

(a) Intensity 
Ageing processes—-associated with (+) | 
2. Damage due to dropping 
3. Complete breakdown of earphones due to fatigue 
4. Variation in sensitivity due to temperature variations 
(b) Frequency response 
|. Earphone diaphragm fatigue—especially plastic diaphragms 
D. Earphone Cushion and its fit on Skull 
| [ype of cushion 
2. Pressure of cushion on skull (related to D.3) 


3 Presence /absence of air leaks (related to D.2) 


{mmbient Noise 


Apart from noise in the audiometer channel, additional noise that may mask 


the test tone may arise from extraneous conditions 
I Miscellaneous Factors 
Size of attenuator steps 
Il. Psycho-physical Factor 
The normal threshold of hearing 
Criterion of threshold: procedure 
Reliability of audiometry 
lll. Psychological Factors 
Attitude of the observer 


“Learning.” 
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has just been issued by the British Standards Institution. Moreover, in the Medical 
Research Council Special Report on Hearing Aids and Audiometers (1947), 
one of a sample of five audiometers had a frequency error of +11 per cent at one 
frequency and +6°5 per cent at two other frequencies. The report points out that 
reduction in frequency error is necessary for the following reason. Most audiometer 
receivers have a fairly steep fall in sensitivity between about 4 kc/s and 8 kc/s. Thus 
in the region of 4 kc/s, the locus for acoustic trauma, a frequency variation of 

5 per cent would in some cases correspond to a variation in output of as much as 
6 dB 

LENIHAN (1957) found that the attenuator step values were outside the limits 
4-6 dB in only 3-4 per cent of cases. This tolerance is given in the British Standard 
for Pure Tone Audiometers 

As the M.R.C. Special Report mentioned above remarks, purity of the wave form 
is important since the presence of harmonics or other extraneous tones may either 
mislead a subject into making a wrong judgment of the threshold level, or, by 
masking, may actually modify the subject’s threshold level. The presence of har- 
monics is more disturbing at the lower frequencies, but their complete eradication 
is not practicable. The British Standard for Pure Tone Audiometers states that the 
level of any harmonic should be at least 30 dB below the level of the fundamental 
The Medical Research Council Special Report said that one of three sample audio- 
meters tested showed a second harmonic only 20 dB below the fundamental test 


tone frequency 128 c/s 


(b) Fluctuations in output and acquired defects 

Even the best audiometers that are commercially available may develop faults, 
despite their initial conformity to either the American or British Standards 

As WATSON and TOoOLAN (1949) remark, the audiometer receiver is almost always 
responsible for variations in the overall output or calibration. They give the results 
of an 1800-hr-life test on one accepted audiometer. These results show that the 
electrical output of the audiometer hardly changed by one decibel, but in the 
acoustical output there were peculiar changes, which were more marked at the 
low and high frequencies. At 8 kc/s, the acoustical output fluctuated over a range 
of 14 dB. Manufacturers now claim that this phenomenon is largely prevented by 
a pre-ageing process. This ageing process is a function of the diaphragm material, 
and is not so marked with metal as it is with plastic diaphragms. Earphones with 
metal diaphragms, e.g. the S.T. and C. type 4026, are therefore preferable 

Dropping or rough handling the receiver may cause it to weaken 5 to 10 dB 
or more at certain frequencies. Such damage is rarely to the same degree at all 
frequencies (WATSON and TOLAN, 1949) 

In general, however, in an audiometer with pre-aged receiver, fluctuations of less 
than 0°5 dB occur in the audiometer output at the receiver. This is most probably 


due to fluctuations in the mains electricity supply and to temperature variations 


affecting the earphones. In field work, it will be found that electrical mains supply 


fluctuations are not uncommon. Although most audiometers are designed so that 
fluctuations in the mains supply voltage does not appreciably affect their perform- 
ance characteristics, we consider it a wise precaution to guard against this as a 


source of error by having a voltage stabilizer available for use should monitoring 





mains voltage. The output of some mains 

4 dB when the mains voltage increases from 

No. 261, 1947). Tele 

10° F rise in tempera- 

for receivers with plastic diaphragms is much less 

iulty “hearing readings may occur due to misalignment of the attenuator 
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Frequently produced the operator swinging the dial vigorously 
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against the end st error of § 10 dB may result. The development of open 


i fall ‘iver output by more than about 
20 dB is a fa e, especially the output valve. Less frequently, faults are 
traceable to resist r condensers breaking down or changing value due to overt 
heating 
In general liometer faults that produce appreciable change in the output are 
irreversible. Howe e have known an intermittent fault to develop in the audio 
meter used on one cular survey, and this fault eluded the subjective monitoring 
for several days bef was confirmed. It is therefore unwarranted to assume, as 
is So frequently dor hat any appreciable change in the performance characteristics 
f an audiometer | eversible. When the initial proposals for audiometer standards 
being draw! the Electro-Acoustics Con ittee of the Medical Research 
1 that these instruments should incorporate a voltmeter or 
nent. In our opinion, the failure of manufacturers to adopt 
criticized 
acceptable by 
calibrations, 
f subjects were 
function of 
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drawn up (Wesster, 1954; Cox, 1955; Gioric and Harris, 1957). The curves 
indicate the sound pressure levels that will just mask given audiometer test tones 
Screening tests for given equivalent hearing losses can be conducted in rooms if 
the noise levels do not exceed the correspondingly labelled parameters. A listener 
with normal hearing can just hear the test tone with the audiometer dial at zero 
when the ambient noise is not more than 40 dB for each of the low octave bands, 
75—150 c/s, 150-300 c/s. 300—600 c/s and 600—1200 c/s 

lo conform to the M.R.C. Electro-Acoustics Committee’s recommendations 
(Requirements and Technique of Usage of Pure Tone Audiometers, 1952), the 
ambient noise level must be less than 40 dB, as measured on a sound-level meter 
conforming to the American Standards Specification 

A good solution for a sufficiently quiet test room is provided by a mobile 
sound-treated unit, which is mandatory if community surveys are contemplated. A 
two-room (one for the operator and the audiometer, the other for the subject) set-uy 
is preferred 

rhe first mobile booth, constructed by the Royal Canadian Air Force Mobile 
Otological Laboratory, consists of a sound-proof chamber mounted on a truck 
Sound exclusion is achieved by making the chamber of three concentric in 
steel plate cylinders, the inner surfaces of which are lined by hair felt and isolated 
from one another by rubber shock mounts. This arrangement produces sound 
attenuation of the order of 55-60 dB, according to the frequency (SULLIVAN and 
Hopces, 1952) 

Che Royal Air Force and Royal Navy also have similar mobile units. The Royal 
Air Force Mobile Hearing Research Unit is mounted on a 7-ton Bedford general 
service chassis and contains two compartments, i.e. an ante-chamber and a triple- 
walled sound-proof cell, the test chamber, both of which are constructed of 1 in 
oak planks covered with aluminium sheeting. The spaces between the walls and 
the ceilings of the test chamber are filled with hair felt, and the spaces between the 
floors with fibre-glass quilting. To achieve internal dampening, both chambers are 
lined with perforated “hardboard” backed by fibre-glass and the floors are covered 
with *“‘Airtread”’’ rubber flooring (DICKSON and WHEELER, 1953) 

Recently, a three-roomed mobile unit has been built for the Medical Research 
Council at their Pneumoconiosis Research Unit in South Wales. This represents an 


advance on the Air Force unit, since there is more room for clinical examinations: 


running warm water for aural syringing is available, and there is a built-in X-ray 


unit. Particulars of the construction of this unit are given in Appendix | with Figs 
1 and 2 

If a mobile audiometric unit is not used, a special audiometric room may be 
built or an already existing room can be sound-treated. The two-section series 
400-CT audiometric unit available from the Industrial Acoustics Co. of New York 
combines both the subject’s room and the operator’s room in one structure, whilst 
“MAICO” of Minneapolis can supply the pre-fabricated, demountable Burgess- 
Manning Sound Room. As the Guide for Conservation of Hearing in Industry 
issued by the American Academy of Ophthalmology and Otolaryngology points 
out, the best results in sound treatment of an existing room are obtained by con- 
sultation with an acoustic engineer. Should these services not be available, the 


Guide offers a method of sound-treating an existing room 
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pressure level. However, it is uncommon for earphones fitted to commercial audio- 
meters to be the same pattern as the reference standard, i.e. the S.T. and C. 4026A 
Che earphones must therefore be compared subjectively with a calibrated earphone 
of the standard type by equal-loudness balancing at low or moderate loudness levels, 
and thereafter all earphones of the same type can be calibrated objectively on the 
artificial ear 
Calibration of the masking properties of the noise generator as a function 
frequency is also necessary, since the figures assigned to the masking scale often 
bear no relationship to the masking properties of the noise. For this calibration, the 
masking noise and the audiometer signal are fed into the same earphone and the 
shift in a subject’s threshold of hearing produced by a given output of the generator 
is measured 
After the phy ation, twenty otologically normal subjects should have 
re that the distribution of results is unimodal. This will 


audiometer with the type sporadic electrical leak that was 


customarily done by serial audiograms of a 
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threshold which, for frequency of 500 c/s and above, is even lower than the British 
standard 

GLOoRIG ef al. (1956) claim that the difference between the results of the American 
and British studies is due to the inherent difference in experimental technique 
between laboratory and survey type studies 

lo specify a modal point as the normal threshold implies variation between 
normal individuals. The U.S. Public Health Survey found a standard deviation of 
the order of 6 dB, which DADSON and KING (1952) also found to be the case in thei 
study over the frequency range | to 3 kc/s. For frequencies of 6 kc/s and above 


the standard deviation was of the order of 9 dB or more 


ne crite nm OT fhresi 


Inasmuch as each and every audiometric test is a psycho-physical experiment 
the indoctrination of, or “‘patter’’ given to, the subject is most important. We have 
used the following “‘patter’ 


ve tested by asking y Oo listen through these head 
imber of simple musical tone ill be tested separately 
beginning with the right/left [specify] one, and every time you heat 
matter how loud or how qu may | ou are to press this button. Keep the 
is long as you hear the sound, and release it as soon as you 
think that the sound has disappeared.’ (Demonstrate by long and short signals.) 
since pure-tone audiometry is a practical ipplicati m of that classical psychi 
physical procedure known as the method of limits, the threshold to be recorded 
will be that value which is midway between the descending threshold and the 
iscending threshold [he threshold is defined as that level which gives a SO 
cent response to the stimulus. We have adopted the following procedure 
(1) Present a tone lasting about 2 sec at an intensity which is expected { 
40 dB above the subject’s threshold at that frequency 


| 


(2) If this is heard, present successive tones each 10 dB lower than the preceding 
yne until the signal is no longer heard. This will give an approximate threshold 
(3) Return to the intensity to which the subject last responded and present the 
tone at this intensity on two consecutive occasions (to ensure at least a “two-out-of 
four’’ response). Reduce the intensity of the signal in 5 dB steps, giving two, three 


or four presentations of the test tone (according to the number required for the 


‘““‘two-out-of-four” response criterion) at each intensity. In this way, the « 


threshold is determined, i.e. the lowest intensity at which the subject 
respond correctly on at least two out of four occasions, when the signals of about 
2 sec duration have been presented at decreasing intensities beginning ym 
suprathreshold value 

(4) When the tone is no longer heard fe consecutive presentations at the 
particular intensity, increase the intensity in 5 teps until the subject responds 
to two out of four test tones. This is the ascending threshold. If the ascending and 
descending thresholds differ from each other, these values are recorded and the 
mean of the two readings is taken as the threshold at that particular frequency 
In the majority of cases, the two thresholds are identical 


Testing should commence with a test tone at | kc/s, since WITTING and HUGHSON 





i HINCH 


(1940) found that t illest percentage of errors on repeated testing occurred 
this frequency. Mor deafnesses usually first show themselves at 


Furthermore. a | kc/s tone is more easily yenizable 


high audio-frequencies ie thresh« at the othe! 


at the end the 1 he at 1 ke is checked 
FFE’S (1957) results indicates that an average 
kc shold is not checked. A lowering 
‘sted was confirmed bi 
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factors, not infrequently the factors in the other groups are investigated when this 
group must be controlled. 

Che incidence of hearing defects is dependent on the nature of the population 
and which frequencies are taken into consideration. The 1954 Wisconsin State 
Fair Hearing Survey (GLoRIG ef al., 1957) showed that, for the speech frequency 


range 500-2000 c/s, the percentage of people with a hearing loss of more than 


25 dB rose from about 3 per cent for people in the third decade to about 30 pet 


cent for people in the seventh decade of life. In industrial populations, the incidence 
will also be proportional to the degree to which the environmental noise spectrum 
exceeds the Damage Risk Criterion (see LiTTLerR, 1958) 

rhe investigation of hearing defects and their nature is an audiologic problem 
involving the anamnesis, a clinical examination and diagnostic audiometry, together, 
perhaps, with other special investigations, such as X-rays and vestibular function 
tests 

On a systematic basis, the anamnesis can be obtained by a questionnaire. The 
audiologic questionnaire used by us is shown in Appendix 2 and is a modification 
of GLOoRIG and QUIGGLE’s (1956) Hearing Conservation Data Card. A similar 
self-answering questionnaire has worked satisfactorily (WARD, 1957). WARD also 
found that, when the same information was asked in an interview, the results were 
only rarely in disagreement. One can therefore infer that observer error is probably 
insignificant for the audiologic questionnaire 

[he commoner abnormalities disclosed on clinical—essentially an otoscopic 
eXamination are cerumen and scarred or perforated tympanic membranes. In a 
total population of 2550 school children who were audiometrically tested without 
a prior otological examination, FALBE-HANSEN (1954) found that the incidence of 
hearing defect due to cerumen was less than 2 per cent. Most infrequently, impacted 
wax may give an overall loss of 40 dB, with the audiogram sloping downwards 
moderately towards the high frequencies (SALTZMAN, 1949). We have found that 
6 per cent of the ears of males aged 18 to 24 years inclusive in a random sample 
rural population are completely occluded by wax. In a certain textile factory, 
however, we found that this incidence of meatal occlusion by wax was appreciably 
higher, i.e. about 15 per cent. Moreover, BEHNE (1956) found that 40 per cent of 
carding-machine sharpeners who had hearing defects also had plugs of cerumen, 
the formation of which had been promoted by the oil-saturated dust contained in 
the air of the spinning mills. GLORIG ef al. (1957) investigated the influence of 
otological abnormality on the hearing parameters of a general population. The 
median hearing loss at | ke/s for the total male sample was not altered when 
people with a history of exposure to audiologic hazards and/or abnormal otoscopic 
appearances were excluded. Moreover, the median hearing loss at 4 kc/s fell by 
about 5 dB only. Furthermore, this difference did not increase with age. One must 
infer that a major factor (or factors) responsible for hearing defect which increases 
with age is a condition (or conditions) which is not indicated by the usual audiologic 
questionnaire and is not evidenced by otoscopic abnormalities. This factor is the 
ageing process. The condition is known as presbycusis. Different people are affected 
to varying degrees by this ageing process, and reported representative values also 
vary considerably. For the threshold of hearing at 4 kc/s, both the United States 
Public Health Service National Health Survey 1935-36 and the 1954 Wisconsin 
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determining the air-conduction threshold, a difference of more than 40 dB is 
indicated between the two air-conduction thresholds at any frequency, then the 
poorer ear must be retested whilst the better ear is masked. The masking level 
must be sufficient to mask that ear, but insufficient to cross-mask the ear under test 
In general, masking levels up to 70 dB applied to the better ear will cover most 
cases but, if the subsequent qualitative and quantitative bone-conduction tests 
indicate an element of conductive hearing loss in either ear, the masking must be 
reconsidered. For a pure unilateral conductive deafness, a 40 dB masking level 


applied to the normal side is appropriate 


CONCLUSIONS 


As LENIHAN (1957) says, an audiometer will give reliable indications only if its 
output remains constant within limits much closer than those normally specified 
for electro-acoustical equipment. Audiometers are subject to all the faults occurring 
in electronic apparatus. Only full and frequent calibration together with careful 
monitoring in the manner that we have described will ensure adequate instrumenta- 
tion. Not infrequently, however, audiometers remain in close calibration for two o1 


three years (WATSON and TOLAN, 1949) 


Adequate instrumentation and a testing procedure that follows the pattern which 


we describe will form the basis of acceptable air-conduction threshold audiometry 
We e grateful to D J. C. Gitson and D 4 L. Cocue Ee 

ch Council Pneumoc iosis Research Unit for their helpful criticisn Acknow 
ince of M P It I 
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Appendix 
‘Tssoflex 
[he body structure was formed with 3 in. x 2 


2 in. hardwood framing, sheeted 
on the outside with metal, and hardboard on the inside 


and the cavity filled with 
Issoflex, a cellulose insulating material 


l in. “Paxfelt 


Weight: 12 oz. per ft’, 1 in. thick 





I requencey (¢ 


Sound absorptior 


(per cent) 





ginal body a lin lay if “Paxfelt” was app! 
d roof, secured with wide, thin battens 
The floor of the van was made of 6 


t 
i 


in. x | in. tongue and grooved floo 
boarding covered with } i (The wheel arches were situated rough 

middle.) The ends were sealed off and 
Over this, making the whole 


i 


filled with 7 in. of granulated cork 


of the test chamber area level, 4 in. ““Weyroc” wa 


This material has a density 
ttenuatior *r the range of 
n. Fibre 
Over the “Wevyro 


ypposite directions 


intended t 


Average sound attenuatio 
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APPENDIX 2 
IONNAIRE RE AUDIOLO 


PREVIO NoIs! 


Always or frequently 
(uu) Seldom or nevet 
What cal protect Ts did vi 


(Specify) 


vuns 


I id y 


D. Most Recent Norse Exposurti 


How long ts ince vou last had to raise 


was SO NOISsy 
What was the duration of this particular noise ey 


Did you use any ear protectors? 


OTHER AUDIOLOGIC HAZARDS 


r 


Have you ever had/do you ever have pains in the ea 


(i) When? 
(ii) Which ear? 


S 


a) 





do you have running ears, discharge from, or abscesses 


injury to the ear 


in operauion « ; ir or the masto 


punctured ’ 





A ppendix 


G. Previous AUDIOMETRY 


) 


Have you ever had your hearing tested with a machine before 


If so 
(i) When? 
(ii) Where? 


CERUMEN 
Have you ever had your ears syringed to remove wax? 
If so 
(i) When? 
(ii) Which ear? 
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ENZYMES IN THE DEVELOPMENT OF SILICOTIC 
FIBROSIS IN THE LUNGS OF RATS 


M. ENGELBRECHT and RACHEL PAUI 


{ue / 1959) 


INTRODUCTION 


| wehy me ter 
LU S4 t } OU 


ns (DALE and KING 


roteir 
provelin 


vdroxides (DALE and KING 


SUDSLANCES 


Hat { { 
On OF a speci 


e< t 
is, While HOLZAPFEL (1952) produced 


CLAYs and Gurnort (1954) 


1) 


*n carbon dioxid 


e and the quartz surfaces 
HNING (1954) claimed that the polysilicic acid has precipitation effects 

id especially on the erythrocytes 
VIGLIANI (1958) suggests that the hyaline tissue of silicotic nodules has an immuno- 
logical origin; that quartz particles penetrate into the organism, adsorb organic sub- 
stances and orientate them so that they become auto-antigens, subsequently inducing 
ormation of auto-antibodies.. The hyaline substance of silicotic masses and nodules 


is considered to be a result of formation of local antibodies and precipitations on 
antigens and on newly-formed reticulin fibres 

In vitro studies of the action of quartz and other mineral dusts on enzyme activity 
showed that most enzymes are adsorbed on the particle surfaces. KING et a/. (1953) 
demonstrated that alkaline and acid phosphatase are adsorbed specifically. HELFERICH 
and ScuMitz (1953) found that quartz as well as aluminium phosphate adsorbed the 
phosphatases of potato, but trials on silicotic lung tissue gave negative results 
SCHUMACHER (1953) showed specific adsorption of lysozyme to quartz surfaces. 
DANIEL-MOUSSARD (1955) studied the in vitro action of silica on the activity of ribo- 
nuclease, because of the important réle of this enzyme on the metabolism of the cell, 
without any positive results. BAUMANN (1955) found that quartz, aluminium phosphate, 
iron carbonate and coal, all adsorbed hyaluronidase, esterase and lipase Because of 
the variable results obtained with esterase he concluded that an inhibitor for this 
enzyme system was adsorbed on to quartz surfaces. 
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Incubation time 15 mit 
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| homogenate 1/50 dih 
time 60 min at 37 ¢ 
1949) 
M x-naphthyl acetate substrate dissolved in 0 | of acetone 
working solution of M/200 in distilled water 
M/15 phosphate buffer, pH 7-0 
0-2 ml homogenate 1/200 dilution 
Incubation time 15 min at 37°¢ 
Sulphatase (BOYLAND, personal communication) 
M/100 nitro catechol sulphate substrate 
0-5 M acetate buffer. pH dS 
0-2 ml homogenate 1/50 dilution 
Incubation time 60 min at 37°C 
( ollagen (STACY 955) 


Collagen estimations were done on dried lung homogenate. The di 


Rat 


y weight of lung 


tissue was determined by drying a known volume of homogenate and correcting 


for the weight of NaCl in that volume 
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Fic. 2. Rat lung, 4 days after injection of 25 mg tridymite. Extensive degeneration in the central part 


of a cellular concentration. Haematoxylin and eosin, » 430, 





w tridymite. Cellular lesions with a large amount o 


ral areas of beginning nodules. Haematoxyli 


Fic. 4. Rat lung, 4 days after injection of 25 mg tridymite. Dense silver precipitate in degenerating 


irca cellular concentration. Silver impregnation 205 
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5. Rat lung, 21 days after injection of 25 mg tridymite. Compact collagenous nodule becoming 


acellular in central area. Haematoxylin and eosin. ~ 205 


Fic. 7. Rat lung, 21 days after injection of 25 mg tridymite. Dense collagenous nodule (Grade IV 


fibrosis). Silver impregnation. < 53. 








Enzymes in the Development of ( i is in the Lungs of Rats 


fibrocytes and histiocytes survived. At 14 days, grade II fibrosis* was reached and 
from this stage until the termination of the experiment, a steady increase i 
deposition and maturation occurred (Fig. 6). As early as 42 days, Grade IV fibrosis 


was encountered (Fig. 7) 


une 


nal lung tissue the alkaline phosphatase activity was 


d mainly in the connective tissue layer (Fig. 8). During 


jection of the tridymite suspension, the | lization 


itration ver, increased, as was shown by the 


Fic. 9. Lung alkaline phosphatase activity of normal and experimental animals injected with 25 mg 
tridymite 
(a) Values are expressed as total units of activity per rat lung 


(b) As units of activity per gram wet weight of lung tissue 


At about the fourth day, during the period of acute inflammation, cellular degenera- 
tion and autolysis, a diffuse distribution of alkaline phosphatase activity was demon- 
strable in the peripheral zones of the cell concentrations (Fig. 10). The central, 
necrotic parts of the cell concentrations showed a less marked reaction and only a 
fine black precipitation was found in these parts. Also the nuclei of the leucocytes 
showed alkaline phosphatase activity at this stage. 

From the seventh day, a relative decrease in the alkaline phosphatase activity was 
observed histochemically. In newly-formed blood vessels in the peripheral zones of 
the nodules, high activity persisted. The chemical findings, when expressed as units 

he histological grading of fibrosis, according to BELT and KiNG (1945), was as follows: “Grade I 
loose reticulin and no collagen; Grade II, compact reticulin with or without a little collagen; Grade 
III, somewhat cellular but made up mostly of collagen; Grade IV, wholly composed of collagen 


fibres and virtually acellular; Grade V, acellular, collagenous, confluent’. 
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Fic. 10. Frozen section of rat lung, 4 days after injection of 25 mg tridymite. Diffuse alkaline 


phosphatase distribution in degenerating tissue 40. 


Fic. 11. Frozen section of rat lung, control animal, showing localization of non-specific esterase 
activity 90 
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Enzymes in the Development of Silicotic Fibrosis in the Lungs of Rats 


slight background staining was obtained in the normal lung sections. No nuclear 
elements were stained. 

In the early stages of the experiment up to 4 days, it was difficult to recognize a 
definite increase in acid phosphatase activity. The cell concentrations, however, showed 
a slight increase in colour intensity in comparison to the faint background staining 

At the 7 day period, a considerable increase in acid phosphatase activity was 
demonstrable in the dust cellular concentrations (Fig. 15). The chemical results sub- 


stantiated this observation when the acid phosphatase activity was expressed as total 


activity per rat lung (Fig. 16a). However, when expressed as units of activity per gram 


wet tissue, only a slight rise in concentration above the normal values was found 
(Fig. 16b) 


Fic. 16. Lung acid phosphatase activity of normal and experimental animals after the injection of 
25 mg tridymite suspension 
Values are expressed as total units of activity per rat lung 


As units of activity per gram wet weight of lung tissue 


At about the fourteenth day period, the peripheral zone of the nodules became more 
intensely coloured than the central parts. In the later stages, this tendency became 
more pronounced and finally the collagenous central core of the nodule was com- 
pletely depleted of acid phosphatase activity. A sharp line of demarcation was observed 
between the central collagenous core of the nodule, which was practically free of acid 
phosphatase activity, and the peripheral cellular zone which showed high activity 


(Fig. 17). 
Sulphatase 


Normal distribution. In normal rat lung tissue the sulphatase activity was localized 


to the bronchial epithelium, lymphoid tissue, blood and blood vessels and 








Fic. 17. Frozen section of rat lung, 28 days after injection of 25 mg tridymite. Low acid phosphatase 


activity in central collagenous part but high activity in peripheral zone of the silicotic nodule 90. 
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Fic. 18. Frozen section of rat lung, 7 days after injection of 25 mg tridymite. Areas of high sulphatase 


activity in silicotic lung 90 
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activity increased in proportion to the increase of polymorphonuclear cells, while no 


definite increase in either acid phosphatase or sulphatase activity was observed. 


Four da\ pel od The acute Il fl nmMatory Stage was accompanied by f 
changes in polymorphonuclear cells and necrosis and autolysis of the central parts of 


the compact cellular concentrations. No increase of reticulin fibrils was demonstrable 


at this stage, but apparently the normal reticular structure was slightly damaged 


[his period was marked by a char: n alkaline phosphatase activity 
in the peripheral zone with only sligh use activity the central necrotic areas of 


the cellular nodules. A marked reduction of non ‘cific esterase activity in the central 


necrotic parts of the cell concentrations w: bserved. In the peripheral zones, a high 


esterase activity persisted. In both acid phosphatase and sulphatase, a steady 


j 


in activity occurred, and enzy! i IVILY Ws ! th cases localized to tl 


nodules. Areas of high sulphatase activity 

Seven day period T el was characterize the infiltration of 
necrotic as of the ( n y fibrobl: ind the formati 
reticulin fibrils 1 ‘se lung ares n the peripheral zones of the nodules all kinds of 
cells were conce poly rphont r cel fibroblasts, histiocytes and 
macrophages 


As far as ne - yn i \ ‘ yn led lative decrease alkaline 








presented 


acuvily 


(3) Alkaline j 


mechanism in enes 


LISS \ | it 1s also Suggesi 
phosphatase ar ma 








THE PNEUMOCONIOSIS FIELD RESEARCH OF THI 
NATIONAL COAL BOARD 


INTRODUCTION 
THE problet 
( MEIKLEJOHN 


‘if i ' 
tt LOL ( 


BROW NI 1955) 


30.000 « 
three-quart« ! ing in Soutl iles. Since 
Divisio! 
in 1949 to 703 


two considerati I 


condition 


timate 
ironmental 
{ {pn NIOSIS 1S Still ¢ 
problem 11 ain ng, al that it isn nfin { ith Wales 
| t last 20 years 
930’s it was thought that pneumo is Was almost entirely limited to Sou 
particularly nthracite dust was ¢ 
important fact or this reason, the investigation which was 
the Medical Research l | in the years 1937 to 1942 was conducted 
» collieries in South Wales lis Survey, reported in a series of Medical Research 
ouncil Special Reports (Me é Council, 1942, 1943, 1945), was 
noconiosis with the past envi 


nen examined articuliarly in ter! 


terms of the dust concentrations 
had been exposed a result of this work, the present “approved” 
of dustiness for British coal mines were adopted (National Coal Board, 1948) 


There were veri actical and in 


ortant consequences of the Medical 


| 
r 
Research Council investigation. These included a change in 1943 in the law relating 


149 








The Pneumoconiosis Field Research of the National Coal Board 


THE SELECTION OF THE COLLIERIES 

The selection of collieries was obviously not to be confined to South Wales, because 
for one reason pneumoconiosis was manifestly present throughout the British coal- 
fields. Even more important, there was no evidence to show that airborne dusts in 
coal mines in all parts of the kingdom are of equal toxicity, and information on this 
aspect was essential to establish whether or not all collieries should be subject to the 
same levels of “permissible” dustiness. Accordingly, account was taken of four factors 
which were thought most likely to have an effect upon the problem. These were 
(i) level of dustiness, (11) rank of coal mined, (11) presence of quartz in the strata 
associated with the coal seam. and (iv) ash content of coal seam in situ. These factors 
encompass, directly and indirectly, the main features of quantity and nature of dust 
encountered 1 al mines. The four factors were considered at two levels 
“high” and “low’’. giving a Statistical design for the experiment consistu 
“boxes”. The collieries were > Di this design, in such 
fill each of the boxes. In order to make the se representative of al 
fields, it was n¢ ar) rea >» number above sixteen, and altogether: 
five collieries were finally n. Certain obviously desirable features, sucl 
able size and a pl! without major change) of at least ten years, were 
in mind. In the event, five lieries were chosen 1n Scotland, two in Northumber 
one in Cumberland, two 1 urham, three in Yorkshire, one in Lancashire, one in 
North Wales, one in Nottinghamshire, one in North Staffordshire, one in Warwick- 
shire, six in South Wales and one in Kent. The total number of men under observation 
at twenty-five collieries is about 35,000, some 5 per cent * total mini 
population in this country 

It is unlikely that the formal factorial design will play a very big part in the final 
| 


statistical analysis of the results, since it is intended to take account in greater detail 


of the various factors relating to quantity and quality of the dust. The present selection 
is, however, considered to represent a balanced sample, giving a reasonable cross- 
section of mining practices and conditions in England, Scotland and Wales. Indeed, 
one interesting finding which has already emerged is that the prevalence of pneumo- 


coniosis is exceptionally low in some areas 


THE PLANNING OF THE RESEARCH 


Once the collieries had been selected, the planning of the investigation fell into three 
clear divisions: (a) the medical studies, (4) the environmental studies and (c) the 
assembly and analysis of both sets of data, including the necessary medical/environ- 


mental correlations 
THE MEDICAL STUDIES 

The primary objects of the medical surveys are to establish the prevalence of 
pneumoconiosis and to study the changes in the chest condition of the men with time. 
An incidental aspect of the surveys, but nevertheless one of great importance, is that 
each man examined is notified of the findings in his own case 

To carry out the surveys two mobile X-ray Units are employed, each under the 
supervision of a Medical Officer. One unit is based at Edinburgh and one at Cardiff, 
each covering about a dozen collieries in the north and south respectively. 

A chest X-ray is taken of every member of the population at each colliery who comes 
forward for examination. Full-size chest X-ray films are used (FLETCHER, 1952), and 
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man under observation and not the general environment. This is an extension of the 
“Random Collier’ method suggested by OLDHAM and ROACH (1952), who advocated 
pooling all the colliers at any one pit and randomly selecting representatives whose 
environment would be measured throughout a shift. The “Random Collier” pro- 
cedure was modified for three reasons. First, information was required about all the 
other occupations as well as that of collier. Secondly, it was felt that considerable 
variations must exist between the environments of different colliers, even in the one 
pit, and this information would be lost by pooling the men for sampling purposes 
Thirdly, it was thought preferable to start by accumulating information in as much 
detail as possible; the detailed information could always be summarized, whereas by 
starting with only a comparatively coarse stratification there would be no opportunity 
of breaking down the results on a more detailed basis should this later prove to be 
necessary 

Ideally, each man should have a record of his measured environment, day in and 
day out, to match his medical history on an individual basis. With 35,000 men under 
observation, this is manifestly impossible, so that some form of sampling procedure 
is essential. The method adopted is to stratify the population at each colliery into 
“occupational groups”, consisting of men doing the same job, at the same place, at 
the same time. The first division is in term faceworkers, non-faceworkers 
underground and surface workers, further sub-divisions being by place of work 
(e.g. individual coalface), occupation (e.g. collier, ripper) and shift. In this way 
the population under observation is divided into reasonably small and homo- 
geneous occupational groups, in any one of which the environment can be 
expected (and subsequently checked) to be uniform. At any one time there are 
approximately 1500 such occupational groups under current observation at the 
twenty-five collieries. 

Ihe environment of these occupational groups is measured by randomly selecting 
representatives by name, and having their environment measured throughout a shift 
The sampling fractions for the first environmental surveys were fixed arbitrarily at 
about one shift sampled for every ten members of the group, and an “occupational 
group exposure index” was built up by averaging the results obtained from each 
contributory shift of sampling. The application of an arbitrary sampling fraction in 
the initial stages was unavoidable, because of the lack of knowledge of dust concen- 
trations. With the information and experience which have subsequently been obtained, 
the allocation of sampling effort is now based on a formal statistical procedure, which 
takes account of the time for which the group remains in being, the standard deviation 
of the individual shift results and the number of men belonging to the group (ASHFORD, 
1958a). 


The composition of the groups, as well as the current groups themselves, are 


naturally subject to frequent change, not only because of working places (especially 


coalfaces) closing down and being replaced by others, but also because some of the 
men frequently change their places of work, occupations or shifts. It is therefore 
essential to keep an accurate record of the working history of each of the 35,000 
men, and this is done on an individual record card. By so doing, it is possible to apply 
the appropriate “occupational group exposure index’’ to each man for the period 
during which he was a member of the group, and in this way an “individual exposure 


index” is cumulatively built up on his record card. The group exposure index is 
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collected. In some respects the data are self-checking, as, for example, in the consis- 
tency of the results obtained in the environmental measurements, but in other respects 
a deliberate effort has to be applied to assess the confidence which can be placed in 
the data reported at any stage of the investigation. One feature which stems from this 
requirement is the need to document progress and developments promptly at all 
Stages. For example, as each environmental survey at each colliery is completed, the 
results are summarized to record not only the results from that particular survey, but 
also the cumulative results obtained from that survey and the previous ones. Similarly, 


changes in techniques and procedures are formally reported, as well as progress in 


the various aspects of the research. Some of these developments are described briefly 


below 


The observer error in classifying films by X-ray category is by no means negligible 
(FLETCHER and OLDHAM, 1951) and every effort is made to make the final (or “‘defi 
nitive’) readings as accurate as possible, and to estimate their probable accuracy 

Ihe procedure for classifying the films is for each Unit Medical Officer to read the 
films taken by his unit in the field at the time of the survey. These results are reported 
as provisional figures and any necessary action in the field is taken on the basis of 
these readings. The films are then read independently by the other Unit Medical 
Officer, so that all the films from every colliery are read at least once by each observer 
independ y. On those films for which the independent readings are the same, the 
common reading is taken as the “definitive” classification. Films for which the 
independent readings differ are re-examined by the two Medical Officers in consul- 
tation, and they assign the definitive reading on the basis of their joint discussion 

All the readings made by the Medical Officers are analysed for intra-observer and 

consistency. By a development which will be described later, the per- 
formance of the readers is kept constantly under review, and it is possible to estimate 
the accuracy of the definitive readings which they report 

Experiments have also been made by the Medical Officers to investigate the X-ray 
techniques with the object of further standardization of procedure. This work is 
directed towards the elimination of certain variations in the quality of the films which 


have been evident during the first surveys 


Environmental sampling and assessment 

[he technique for sampling the environment has already been described. The object 
is to take samples which are representative of the air breathed by the man under 
observation. As far as possible formal procedures are laid down, but the working 
conditions underground are such that the investigator frequently has to use his dis- 
cretion as to where he should locate the thermal precipitator. To check that the normal 
sampling procedures are reasonably accurate a series of experiments was carried out, 
in which the results obtained by the routine methods were compared with those 
obtained when the sampling instrument was (with no little inconvenience to the 
subject) worn in a harness on the man’s chest. No significant differences were found, 
and it is considered that the routine procedures give the necessary accuracy (GRAHAM, 


unpublished). Similarly, any variations in sampling practices (e.g. the use of the thermal 


precipitator with its sampling head inverted, in places where water dropping from the 
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lated monthly. Refresher courses are arranged, as necessary, and a regular check 1s 
thus maintained on the performance ol all the members of the team (FAY and SMITH, 


unpublished) 


Multi-dimensional analysis of the past environme ntal histories 
The analysis of prevalence in terms of past working history were original 
lysis. A limitation soon 


formed using standard methods of probit, and later logit, analy 


became evident, due to the low prevalence « 


some of the collieries 


yf pneumoconiosis and the small numbers 
of men with “pure”’ histories, at A better method of analysis 
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ETUDE DE LA GRANULOMETRIE DES BROUILLARDS 
PAR PHOTOGRAPHIE DIRECTE DES GOUTTES LIQUIDES 
EN SUSPENSION DANS L’AIR 


1B \ R. Bi C. VERE 
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faisceau réfléchi a méme ouverture U que le faisceau incident, et son axe est dévié 
de 90° par rapport a l’axe du faisceau incident. 

L’objectif du microscope, d’ouverture u inférieure 4 U, diaphragme ce faisceau. Si 
le point M se déplace vers M’ tel que l’incidence de l’axe du faisceau incident soit 
inferieure a 45°, le faisceau réfléchi tourne et le point M’ reste visible dans l’objectif 


tant que celui-ci est frappé par les rayons réfléchis, c’est-a-dire tant que l’angle MOM 


[ u 
est inferieur a . De méme, si M vient en M 


4 


tel que l’incidence de l’axe du 


condenseur soit supérieur 4 45°, le point M” reste visible tant que l’angle MOM” est 
U-+-u 


inférieur a . La largeur /, de image éclairée donnée par l’objectif est donc la 


: U-+-u . { 
projection m’' m” de l’arc M’ M’, soit R (cos (45 : cos (45 


il 


R (cos 23°—cos 67°) = Rx 0-53, R désignant le rayon de la goutte. 
Toutefois les points donnant lieu a un faisceau couvrant complétement |’objectif 


(Fig. 4) se trouvent sur une bande de largeur totale 


R cos (45 “) 


Le centre de l'image se trouve a une distance du centre de la goutte OM=R cos 


R,/2 


~ 


45 
(b) Lumiére transmise par la goutte apres deux refractions successives. Ces rayons 
émergent de la goutte aprés avoir subi une déviation D=2 (i—r) (i=incidence, 7 

refraction). Les rayons les plus devies arrivent en M (Fig. 5) sous l’incidence rasante, 
en faisant l’angle U avec l’axe du condenseur, leur normale faisant l’angle U avec 
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limite la largeur maxima de l'image correspondant a deux réfractions successives. La 
position du point M extréme est déterminée par l’angle 6 =U—« de OM avec l’axe 
du condenseur, le rayon MA émergeant en M faisant l’angle u avec I’axe de l’objectif. 
I orsque l’incidence i varie, la dérivée 
dx dy 2 cos i 
. 


d (1) 
di di \/n*—sin 

est positive lorsque i<60°. Donc, lorsque j croit de O a 90°, « croit passe par un 
maximum pour 60° et decroit ensuite. L’angle 2 considere ci-dessus est déterminé 


pal les relations 


(2) 
r+ D 

ce qui donne 20°. L’image correspondant aux rayons ayant subi deux réfractions 
sera ainsi limitée par le bord de la goutte oppose a la direction de la source, et aura 
pour largeur /,=R(1—cos 20°)=0-06 R 

(c) Lumiere transmise par la goutte apres deux réflexions internes. \\ est facile de 
voir que dans les conditions de l’expérience, la lumiére qui a subi une seule réflexion 
interne ne peut intervenir, la deviation minimum correspondant a un angie maximum 
de 41° avec linverse de la direction du faisceau incident dans le cas d’un faisceau 
paralléle n’etant pas suffisante. 

Pour étudier la lumiére qui a subi deux réflexions intérieures, considérons d’abord 
les rayons incidents paralléles a l'axe du condenseur. Le rayon venant frapper la goutte 
sous l’incidence / sort aprés deux réflexions internes en faisant un angle (Fig. 7), 


\ ra ? oy (3) 


FIG 


avec l’inverse de la direction du faisceau du condenseur. Cet angle est minimum, les 


rayons correspondants étant les rayons efficaces, lorsque l’incidence est donnée par: 


Q n° 
sin*! (4) 


8 


D’ou i 72° et rey=45° 31°. Ceci correspond a A 51°. Dans ces conditions la 


direction des rayons efficaces fait un angle 90°—5I] 39° avec l’axe de l’objectif 
d’observation, qui est lui-méme perpendiculaire a l’axe du condenseur. La demi- 


ouverture de cet objectif étant de 12°, le rayon consideéré ci-dessus n’y pénétre pas. 
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Fi 


est frappe par un cone de rayon d’ouverture U =32° a condition que la position de M 


soit telle que langle de OM (O éetant le centre de la goutte) avec l’axe du condenseur 


2» 


soit inferieur a ~— 3. 58°. Lorsque OM, est perpendiculaire a l’axe du condenseur, 


M, est frappe par un demi-cOne limité par le plan tangent passant par M et paralléle 


a l’axe du condenseur. Ce demi-céne se réduit a une génératrice tangente en OM, 
24 12? 


lorsque OM, fait un angle de 32° avec l’axe de l’objectif, soit 90° +-3 avec 


l’axe du condenseur (Fig. 9) 


FIG y 


Les rayons extrémes correspondant a M, situés dans le plan tangent a la goutte 
perpendiculaire au plan de la figure font avec la direction paralléle a l’axe du con- 
denseur passant par M, un angle de 32° et sont situés de part et d’autre du plan de la 
figure. Les rayons émergeants se trouvent entre deux plans déterminés par ces direc- 
tions et le centre de la goutte et subissent une déviation de 82° 50. Au fur et a mesure 
que M, se déplace vers Mg, l’angle que font entre eux les rayons correspondant aux 
rayons extrémes contenus dans le plan tangent diminue. Ces rayons se rapprochent 
peu a peu et se confondent en M4. 

On peut raisonner en premiére approximation de la fagon suivante: 

On a vu que le point M extréme (Fig. 6) donnant naissance a des rayons venant 
frapper l’objectif correspondait 4 un angle 8=20°. Ceci correspond pour des rayons 





tenus dans un 


rent 
eV iit 





Granulometrie des gouttes 173 


4 


aprés deux réflexions successives, pratiquement identiques et symétriques par rapport 


au centre de la goutte, seront donc constituées par deux arcs de cercle d’une quaran- 
taine de degrés dans l’exemple choisi 


lif. INTENSITE LUMINEl POLARISATION DES IMAGES 


(1) Géne ral les 


Les dimensions des gouttelettes observées sont faibles devant les autres dimensions 
du systéme et notamment celles de la source et de son image. Dans ces conditions on 
peut admettre que était éclairée par un ensemble de 
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dans le cas d'un faisce ncident paralléle, et de gouttes dont le diamétre est au 
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Considérons d’abord le cas de la lumiére directement réfléchie a la surface externe. 
Soit e l’éclairement produit par le faisceau incident au niveau de la goutte; k le 


pouvoir réflecteur et I l’intensité lumineuse diffusée par ce processus. Le flux lumineux 
dr donne naissance au flux 


d® compris entre les deux cylindres de rayon r et 7 
dé (Fig. 12). On a 


réfléchi d®’ compris entre les deux cénes d’angle 6 et 6 
§ = n—2ietr=Rsini 


d’ou 2nerdi ne R* sin 2 i di ~ te R* sin 6 dé 


Ildw ] 2x sin 6 d9. 


De l’éegalite 


On tire 


d’ou 
e R* (9) 


L’intensité ainsi déterminée serait uniforme dans toutes les directions si le pouvoir 
réflecteur de la goutte était constant; en réalité, celui-ci dépend de l’angle d’incidence. 
Il est égal 4 lunité pour 90° soit 6=0 c’est pourquoi, observée dans une direction 
voisine de la source, la goutte éclairée parait trés brillante: l’intensité correspondante 
a pour valeur /,=0-25 e R*, eile tombe a 0-66 e R* pour 6=25 


La déecroissance du pouvoir réflecteur étant plus rapide pour la vibration situee 


dans le plan d’incidence la lumiére réfléchie est donc plus riche en vibrations perpen- 


diculaires a ce plan, elle est donc partiellement polarisée, l’état de polarisation variant 


avec Il’incidence. 


la lumiére diffusée au voisinage de la direction 


(b) La plus grande partie de 
alors comme une lentille 


d’incidence est réfractée par la goutte qui fonctionne 
sphérique (Fig. 13). Dans ce cas, un raisonnement analogue au précédent conduit, 
pour l’intensité lumineuse de celle-ci, examinée sous un angle avec la direction du 
faisceau paralléle incident a l’expression suivante: 

sin2i di 

= te R* (18) 


sin§ dé 


{ representant le coefficient de transmission de la goutte. 
Comme dans le cas ci-dessus, la lumiére transmise par ce processus est partiellement 


polarisée. 
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i’, = lumiére transmise aprés deux réfractions et deux réflexions internes 
les i” correspondent a la lumiére dont la vibration est contenue dans le plan contenant 
l’axe du condenseur et la direction d’observation. 
, lumiére réfléchie a la surface externe 
lumiére transmise aprés deux réfractions 
, = lumiére transmise aprés deux réfractions et deux réflexions internes. 
es intensités totales des trois images seront proportionnelles a: 


0-595; i”, = 0-087. 


i 


I\ ASPECTS DES IMAGES DONNES PAR L’OBJECTII 
a goutte éclairée par un faisceau convergent donne trois images constituees par 

trois bandes lumineuses perpendiculaires a l’axe du faisceau dont la hauteur, voisine 
de 0-50 R, est du méme ordre de grandeur pour toutes les trois. Les largeurs de ces 
trois bandes sont 

/, comprise entre 0-25 R et 0-53 R. Centre de l'image a R/1/ 2 du centre de la goutte 
(lumiére réfléchie a la surface externe). Hauteur 4,>0°-45 R 

/,> 0-05 R contre la surface interne de la goutte, a l’oppose de la source (lumiére 
directement transmise aprés deux réfractions). Hauteur 4, =0-62 R. 

Cette largeur est sous-estimée dés que 0-05 R devient inferieur au pouvol de reso- 
lution de lobjectif, 


1.99? 


2nsmu 
ce qui se produit lorsque R est inferieur a 25 


/,1/ 0,014 R. Contre la surface interne de la goutte (vers la source lumineuse, lumiére 


transmise aprés deux réfractions et deux réfiexions internes). Hauteur 4,—0-62 R 


i 


Comme la precedente, cette largeur est sous-estimee car la quantite 0-014 R est 
toujours inferieure au pouvoir de résolution du microscope dans les cas qui nous 


interessent. 


Les éclairements de ces images, et le noircissement correspondant de la plaque 


photographique sont respectivement proportionnels aux quotients i/S rapport de 


lintensité diffusee a la surface droite de l'image, soit pour les deux séries d’images 


polarisees a angle droit 


0-474 0-474 — 0-185 ‘ 0-071 


ha Cc ) 
0-22 «x 0 0-19 “ 0-05 ' 0-014 


Lumiére 0-64 
Polarisée 0-049 0-049 0-410 0-016 
5 
: C3 
()-2) 0 0-19 ; 0-05 0-014 


Lumiere naturelle 
C2 6°U 


/, sont 


Ces quantites sont independantes du rayon de la goutte tant que 
supérieurs au pouvoir de resolution du microscope, elles diminuent avec le rayon 
des gouttes, croissant lorsque ce rayon diminue, et représentent aussi des limites 
superieures; les valeurs de e’, et e’, surtout e’, correspondant aux dimensions des 


l 


gouttelettes nuageuses sont notablement inférieures a celles-ci. On peut en conclure, 
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represente la photographie avec 
de 100. constituée par une solution de glycérine dans l'eau, 
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artificiel, avec un brouillard correspondant a une masse d’eau condensée de | gr par 
m3 et des gouttes dont la granulométrie est sensiblement la méme que celle d’un 
nuage naturel, on a un nombre de gouttes convenable sur les photos en démasquant 
le microscope pendant | seconde environ. On obtiendra donc des granulométries 
correctes dans les nuages naturels (0-3 a 0-5 grs d’eau par m*) en démasquant l’objectif 
pendant quelques secondes, durée que l’on peut régler avec une précision suffisante 


La Fig. 16 représente les granulomeétries relatives obtenues avec cet appareil et un 


Cascade Impactor dans un tel brouillard (on opére en milieu saturé et il n’y a pas de 


risque d’évaporation dans le Cascade Impactor) l'appareil étant éclairé en lumiére 
continue (il n’est pas possible de réaliser des brouillards artificiels stables comportant 
une masse d’eau condensée suffisamment faible pour que la modulation soit utilisable). 
On voit que les granulomeétries sont parfaitement concordantes. On trouve en moyenne 
SU0 gouttes/cm 

Cet appareil a pu étre réalisé grace a l’appui financier du Ministére de l’Air. Nous 
sommes vivement reconnaissants 4 Monsieur Il’Ingénieur Général VERNOTTE d’avoit 


bien voulu s’intéresser a ce travail 
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Hydrotherapy, using a specially-designed pool, plays an important part in the 
treatment, and the physiotherapy department is kept busy. 

Occupational therapy is, of course, most important in rehabilitation, and this has 
been developed to a great degree at Farnham Park. The work is selected to exercise 
those muscles which are of importance in maintaining the stability of the spine and 
to exercise any particular group of muscles which may have been involved in the 
injury. One of our patients was a cartographer engaged on aerial photography for 
map-making. He fractured his third lumbar vertebra with paresis of the psoas muscle 
of the right leg. In the photograph (Fig. 4) he is seen working a foot treadle machine 
with the left foot; the right leg is slung and action is forced on the weak muscle (trunk 
maintenance). He made an excellent recovery and is back on his old job. 

One of the most useful forms of therapy for back injuries is work on a loom, 
provided the correct posture is adopted. A housewife with a prolapsed intervertebral 
disk (Fig. 5) is using the loom in the correct manner, the arms are wide apart and 
every downward movement on the beater (transverse bar) ensures contraction of the 
long muscles of the spine 

Another case was that of a railway fireman who fell off his engine tender platform 
and fractured some lumbar vertebrae. For a whole year before admission to Farnham 
Park he had done no work at all. He was retrained on high bench work to help restore 
his confidence. At a later stage he started training at the Government Training Centre, 
where he did bench work at a machine specially mounted on a lorry about 5 ft from 


the ground. In this way he became accustomed to working at this higher level, fully 


regained his confidence, and after 6 months as a storeman with British Railways has 


returned to his original job as a fireman. 
Cross-cut sawing 1s an excellent exercise for the spinal muscles (Fig. 6) 


Of the number admitted to Farnham Park, 26 returned to their former employ- 


ment, including a scaffolder who had fallen 50 ft! Ten were retrained in clerical work, 
as piano bench fitters (action makers) and as messengers. The remainder have not 
recovered or have not replied to follow-up letters requesting information as to progress. 

4 Government Training Centre is an establishment run by the Ministry of Labour, 
where special training courses are available and where special regard is paid to 
retraining the disabled. A weekly conference is held at the Government Training 
Centre at which Dr. EAGGeR, the Medical Director of Farnham Park, can discuss 
the appropriate training for patients about to leave the rehabilitation centre. The 
individuals are assessed as to their suitability and attainments. Some of the courses 
available, such as wireless and television repairing and draughtsmanship, require a 
comparatively advanced educational level and intelligence. 

The type of training, in addition, has to be related to the man’s physical condition 
and to the prospects of employment in the district in which he intends to live and work. 
Com promises have to be made 

A man recovering from a back injury can quite well be trained in the repair of 
wireless and television sets as long as he is working at a bench. However, he would 
be unable, in subsequent employment, to carry television sets up and down stairs in 
private houses and blocks of flats. Such training would be unsuitable unless appro- 
priate bench work could be obtained in his home area. 

In a year there were twenty-five men with back injuries trained for fresh occupations, 


and as they are in the disabled category they all have medical examinations and so 
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esprits les plus audacieux, n’en aurait soupgonné ou prévu l’ampleur il y a quelques 
années seulement, et dont les techniciens peuvent, a juste titre, s’enorgueillir. 

Cependant, force nous est de reconnaitre que, si les progrés réalisés ont apporté des 
améliorations incontestables aux conditions d’existence de l"homme, ils exercent par- 
fois, en contrepartie, une action nuisible non négligeable 

“Le Bruit”, véritable sous-produit ou réaction de notre civilisation industrielle 
moderne libéré par le génie maléfique de l'homme, est l'une des principales, et peut- 
étre l’une des plus importantes, de ces nuisances 

En effet, l’intensité du bruit a cri, considérablement, depuis un demi-siécle en 
fonction des puissances mecaniques sul lesquelles est fondée notre économie et il 
n'est pas douteux que ses effets peuvent avoir, dans certains cas, des répercussions 
facheuses sur la santé et le comportement des individus, si l’on ne se préoccupe pas 
d’en limiter les effets nocifs ou destructeurs, tant sur le plan général, social et humain, 
que sur le plan professionnel 

Qui de nous n’est maintenant informe 

de la surdité proverbiale des ouvriers chaudronniers ou des carillonneurs exposés 
au cours de leur travail a des bruits d’intensité et de fréquence élevées: rivetage, 
planage, fagonnage des tdles, 

de la géne infligée aux personnes habitant a proximité d’installations ou d’ateliers 
bruyants: aérodromes, bancs d’essais de moteurs, garages, . 

Le but de cet exposé n’est pas de precise les moyens et les procédes a mettre en 
oeuvre pour assurer, dans les differents cas qui peuvent se presenter, une protection 
meilleure des travailleurs, mais de signaler d’une fagon générale, en quelque sorte 
préliminaire, les principaux points a considérer dans la lutte contre le bruit et sur 
lesquels une action peut étre possible 

soit collectivement 
insonorisation des locaux par protection externe ou traitement interne, 
étude rationnelle des sources de bruits (machines, appareils, engins divers, 
installation, entretien, . . .), 
étude des opérations et amenagement des postes de travail; 
soit individuellement 
utilisation de bouchons d’oreilles, de casques de protection appropriés. 

L’étude systematique et rationnelle des sources de bruits et de leurs causes peut 
seule permettre de déterminer dans chaque cas, en fonction des possibilités locales, 
les moyens et les procédés les plus propres, sinon a éliminer complétement les bruits, 


tout au moins a les réduire dans une mesure acceptable et d’éviter dans les conceptions 


préliminaires et Ics projets des erreurs et des mécomptes graves qu’il est parfois 


difficile de corriger aprés coup. 

Nous n’entendons pas proposer au probléme de l’insonorisation des solutions 
universelles, car elles seraient beaucoup trop générales pour étre efficaces, mais seule- 
ment signaler, sous la forme d’exemples de réalisations pratiques et de leurs résultats, 


quelques applications des principes de base maintenant bien connus. 


PRINCIPAUX POINTS A CONSIDERER 
Les principaux points 4 considérer dans toute étude entreprise en vue de réduire 
les bruits et les vibrations dans les locaux a usages industriels et commerciaux peuvent, 


d'une maniére generale, se ranger sous les cing rubriques suivantes: 
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Si, dans le passé, les locaux a usages industriels et commerciaux étaient construits 


sans qu ‘il soit tenu compte des lit sndrés pat ateliers qu ils devaient abriter, 
Vest plus concevable actuellement qu’un architecte agisse de la sorte 
locaux moderne loivel tre concus, constrults el disposes en fonction de 


iers qui y seront amenages, tout particuliére- 


leur destination « le la lure d atel 
ment lorsque ces ateliers sont qualifiés de “bruyants” 

Les ressources techniques que les matériaux dits insonores mettent a la disposition 
des architectes et des ingénieurs permettent de mener systématiquement cette étude. 

C'est ainsi que l’Aviation, dont lessor s’est révélé aussi prodigieux que la bruyance, 
a etudie de fagon trés approfondie la réduction des bruits provenant de ses bancs 
d’essais de moteurs. Elle a obtenu des résultats trés intéressants par l’isolement des 
cabines de contrdéle des salles de moteurs en cours d’essai. Elle y a, en outre, construit 
de véritables filtres acoustiques pour empécher le bruit de rayonner au loin et d’in- 
commoder les populations riveraines Ou voisines. 

La Fig. 2 est une illustration d’un type caractéristique d’insonorisation relatif 4 une 
installation de banc d’essais de turbo-réacteurs.* 


On y voit notamment les ensembles de chicanes qui forment un veritable filtre 


acoustique laissant libre cours aux admissions d’air et a l’échappement rapide des 


gaz rejetes par le turbo-réacteur tout en affaiblissant les sons génants de fréquences 
moyennes et de fréquences élevées. 

* Communication de M. A. Boér (Oct. 1954)—Séme Congrés Technique National de Sécurité et 
d’Hygiéne du Travail—Strasbourg 
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la variation de l’intensite en fonction de la fréquence, permettent de substituer a 
l’appréciation subjective, toujours un peu incertaine, des mesures objectives d’intensité 
globale avec des sonométres et des analyses spectrales susceptibles de préciser la 
nature des bruits. Elles donnent parfois le moyen d’identifier et de localiser la nature, 
l’origine des bruits génants et ainsi d’y porter rationnellement un reméde efficace. 

Ces meéthodes reposant sur la mesure de I’intensite globale et sur l’analyse spectrale 
permettent également de contréler l’efficacité des dispositions prises pour réduire les 
bruits parasites et, en definitive, la valeur des résultats obtenus 

Comme pour les locaux, le probleme des machines se présente sous deux aspects 


différents suivant que l'on envisage un état de fait ou, au contraire, une realisation future. 


{mélioration des machines, appareils ou engins existants 

L’insonorisation d’une machine bruyante est un probleme parfois trés difficile a 
resoudre. Néanmoins, les résultats des mesures et des analyses rappelees precédem- 
ment mettent en valeur les consé€quences particuliérement interessantes que l’on peut 
attendre de l’'application des dispositions approprices auxquelles elles conduisent, car 
on connait maintenant les méthodes de traitement rationnel. 

La mesure a l’aide d’un sonométre des niveaux sonores aux différentes frequences 
permet de tracer une courbe caracterisant le spectre du bruit de cette machine. 


L*etude de cette analyse spectrale permet de se rendre compte dans quelle bande de 
fréquence le niveau sonore est le plus eleve 

Le technicien orientera alors ses recherches de maniére a réduire tout d’abord les 
niveaux de bruits les plus intenses ou les plus génantes 

Apres correction acoustique, une nouvelle mesure, a l'aide du méme sonométre, 


permettra de juger, d’aprés le nouveau spectre de bruit, l’efficacite des ameliorations 


apportees a cette machine 
Le technicien tentera d’éliminer de proche en proche les composantes ayant dans 
veaux les plus élevées, le premier objectif a atteindre étant de ramenet 
> niveau sonore maximum de cette machine a celui de l’'ambiance générale de l’atelier 
Les spectres de bruit de la Fig. 3 relatifs aux spectres de bruit produits par un 
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tonneau-dessableur de Fonderie, avant et aprés insonorisation, par revétement de la 


parol intérieure du corps cylindrique par une plaque de caoutchouc spécial ““LINATEX’’* 


sont un exemple typique de l’application de cette méthode 


Conception et construction « 1achines, d apparel l’engins nouveaux 


Les constructeurs doivent s’attacher, par un examen systematique de tous les 
elements entrant dans la fabrication des machines, ainsi que par une étude de leur 
comportement en cours de fonctionnement, a éliminer dans toute la mesure du possible 
es causes de bruits indesirable 

La determination et l’analyse des brit n ar les machines existantes 
renseigner utilement les t licie! les qualites de ces derniéres et oriet 
eflorts en vue d’ameélioret in > I nouvelles fabrications 

La conception et la construction de machines de plus en plus silencieuses 
pratiquement facilitees par l’'apparition de nouveaux materiaux et de nouveaux pro- 
cedes de fabricati A, icati controle permettant d’obtenir dans 
tion une precisi 
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Il suffit, pour s’er 1incre, de comparer les bruits de deux machines semblables 


dont l’entretien et ige n'ont pas fait l'objet des mémes soins. 
sez sensibles, comme on le voit sur la Fig. 7, par la com- 
paraison de bruit de deux machines a periorer des cartes Statistiques 


du méme type. trava lans des conditions analogues. L’une, bien entretenue, est 


beaucoup plu I ie l'autre 























me type 


Dien entretenuc 


ATIONS ET POSTES DE TRAVAII 
c’est-a-dire des processus d’exécution et des 
manoeuvres permetta! tenir un resultat industriel determine, et l'aménagement 
des postes de travai susceptibles de conduire, par certains de leurs aspects, a 
une action protectrice des travailleurs contre les bruits et les vibrations 
Les mesures prises 4 cet ¢gard peuvent completer trés utilement celles qui concernent 


les locaux et l’instal 


Etude des operat rns 
La conception de itions de travail’ ut avoir des répercussions sur le bruit, 


dans la mesure ou les | ppareils ou les engins mis en oeuvre 


sont eux-memes plus 
Le meilleur proces pour l'étude de ces opérations de travail devrait étre déter- 
mine 
d'une part, en te! ympte du materiel et des possibilités d’exécution du travail, 


»f 
Lt 


d autre part, en 1 t compte des spectres de bruits des divers elements. 
4 titre d’exemples 
La Fig. 8 donnan specti u bruit de differentes machines: burin pneumatique, 


meuleuse pneumatiqu tative, machine a meuler a bati fixe, susceptibles d’étre 
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utilisées pour l’ébarbage d’une piéce de fonderie, montre la réduction du bruit qui 
peut résulter de l’emploi de l'une plutét que de |’autre. 
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3. Spectres du bruit au cours d’une opération d’ébarbage effectuée au moyen de. 
I—Burin pneumatique. 
Ii—Meuleuse pneumatique portative. 
I11—Machine a meuler a bAti fixe. 


La Fig. 9, reproduisant les spectres de bruits enregistrés au cours d’une opération 
de démoulage sur une machine munie d’un vibreur, montre que les bruits résultant de 
la chute des plateaux contenant le produit 4 démouler, quand l’ouvrier les lance avec 
force sur la table pour amorcer le décollage du produit, sont beaucoup plus intenses 


que ceux qui sont produits par le vibreur. 
Dans ce cas, il tombe sous le sens que l'étude doit étre axée sur la possibilité de 
supprimer le lancement brutal des plateaux plut6t que sur l’insonorisation du vibreur. 


Aménagement des pastes de travail 
L’installation des postes de travail pose des problémes du méme ordre que ceux de 
l’installation des machines: 
choix des emplacements, 
aménagement des postes de travail bruyants dans des cabines insonorisées ou en 
dehors des locaux de travail. 


Isolation des piéces en cours de travail 

L’isolation des piéces susceptibles d’engendrer des bruits importants en cours 
d’usinage ou de fabrication doit également retenir l’attention. 

L’utilisation de dispositifs appropriés: supports et suspensions élastiques ou 
amortissants, écrans isolants, etc. . . . peuvent, dans certains cas, limiter trés efficace- 
ment la propagation des bruits et des vibrations. 

C’est ainsi qu’en chaudronnerie, le remplacement des supports habituels en métal 
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Si la grande variété des moyens mis en oeuvre dans la protection collective doit, 
en principe, la faire considérer comme préférable et plus efficace que la protection 
individuelle, il est hors de doute, cependant, qu’une harmonisation logique de ces 
deux moyens d'action peut, dans nombre de cas, offrir une solution plus complete et 


plus satisfaisante. 


Prote clion ¢ olle CTrive 
En matiére de protection collective, l’action doit porter sui 
les locaux 


les machines, appareils et engins divers, 
installation et l’entretien des machines, appareils et 
les operations et postes de travail, 


qui ont fait objet des paragraphes precedents 


1 reduction des bruits a leur source et a la suppression 


a 


Les moyens qui tendent a | 
de leurs causes, doivent avoir la priorite sur ceux qui ne visent qu’a empécher leur 


propagation 


) ; , j Ihe 
Protection nd duelte 


La protection individuelle consiste essentiellement a munir les travailleurs ex 


poses 


a des bruits d’intensités élevées 
soit d’un casque avec protection d’oreilles, 
soit d'un protecteur en matiére spéciale, plastique de préférence 
dans chaque oreille. 

La realisation de ces appareils: casques de protection et bouchons d’oreilles 
des problémes trés complexes, etant donné qu‘ils doivent assurer un isolement 
parfait que possible par rapport aux bruits, sans empécher toutefois une converss 
et permettre leur utilisation avec le minimum de géne 

Le choix du meilleur appareil, c’est-a-dire de celui qui sera le plus efficace et 
en méme temps, génera le moins l'utilisateur, compte-tenu des conditions de traval 


amen comparatif des spectres de bruits des machines, 


et, d'une maniére générale, par l’etude des ambiances de travail qualifiées de “bru 


sera grandement facilite par 


\- 


antes” et des diagrammes d’affaiblissements acoustiques des divers appareils de 


protection individuelle. 
La Fig. 10 illustre nettement ces diverses considérations 
La Fig. 11 donne les affaiblissements acoustiques relevés sur des ap 


protection individuelle de qualités extrémes. 


? 
Remarque importante 
Il convient de noter que les mesures de protection collectives et individuelles 


envisagees ci-dessus doivent étre complétées par une visite médicale periodique 
réguli¢re, notamment du point de vue audiométrique pour contréler l’audition des 


sujets exposes a des bruits intenses et prolonges. 


1 


Il est recommande, de méme, de soumettre a une visite médicale analogue les 
ouvriers appeles a travailler a des postes oli les bruits dépassent les niveaux normale- 
ment admis, afin de preciser l’etat de leur comportement auditif et de deceler les 
contre-indications (inaptitude de certains sujets ou danger pour eux de travailler dans 


des ambiances exagerement bruyantes). 
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CONCLUSIONS 

La protection des travailleurs contre les bruits et les vibrations, malgré la difficulté 
des problémes qu’elle pose, surtout lorsque la réduction des bruits et des vibrations 
est étudi¢e “a posteriori”, comporte dans la plupart des cas des solutions pratiques 
grace aux procédés et aux matériaux modernes que les nouvelles techniques d’insonori- 
sation mettent a la disposition des réalisateurs. 

Toutefois, ces solutions ne peuvent avoir leur pleine efficacité que si elles sont le 
fruit d’études approfondies de tous les éléments sur lesquels une action est possible, 
ces études étant menées au besoin en collaboration étroite par les physiciens, les 
architectes, les ingénieurs, les médecins, . . . Les architectes, les techniciens doivent se 
persuader que le bruit n'est pas un mal inévitable, une conséquence inéluctable du 
progrés, mais que le progrés qu'il engendre fournit en méme temps le moyen d’y 
remeédie! 

Aussi bien, le ““parameétre acoustique” doit étre pris en considération dés le premier 
Stade de l'étude d’un projet au méme titre que les considérations optiques ou les 
caractéristiques mécaniques, électriques ou autres. 

Les effets nuisibles du bruit sur la personne humaine, qui débordent dans la société 
moderne le cadre du travail, permettent d’affirmer que la lutte contre le bruit devient, 
non seulement une nécessité, mais également un devoir social. 

L*Ingénieur ou le technicien chargé de lutter contre le bruit a devant lui une tache 
immense et delicate. Il lui faut experimenter avec beaucoup de prudence et d’esprit 
scientifique pratique. II doit raisonner non seulement en physicien, mais souvent 


en physiologue, voir en psychologue, et méme en sociologue. L’ensemble de ces 


qualités nécessaires ne peut s’acquérir que par une longue exmérience, mais avec la 


conviction que dans ce domaine |’ére de l’empirisme est dépassée et que la méthode 
scientifique y a heureusement, et avec succés, introduit et impose un rationalisme 


prudent, mais efficace 
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Those wishing to contribute are requested to notify the Chairman of the Organizing 
Committee, Mr. W. H. Walton, Assistant Director, Mining Research Establishment. 
National Coal Board, Worton Hall, Worton Road, Isleworth, Middlesex, as soon as 
possible, indicating the subject of their papers. 
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BOOK REVIEW 
A. VALLAUD and P. SALMON: Sécurité et hygiéne dans l’industrie de I’huilerie. 
Institut National de Sécurité, Paris, 1958. 248, pp. Fr. 200. 
THE French serial publication La practique de l’hygiéne du travail does not attempt to 
establish scientific treatises on occupational hygiene or toxicology. A practical and 
useful guide is intended for the use not merely of industrial doctors, nurses and 


hygienists but also of employers, workers, foremen and others responsible for the 


protection of the health and safety of the workers. 

The series has contained treatises on benzene, carbon monoxide, chlorinated 
solvents, sulphuric acid and on skin diseases in the metal industry. 

The present volume deals with the oil extraction industry. The first part is on 
extraction by pressure, the second on the apparatus and working procedures in 
extraction by organic solvents, particularly petrol and trichloroethylene. The third 
part describes the protective measures in detail, including organization of the safety 
service. 

An addendum contains the relevant French regulations. 
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FOREWORD 


Tus issue of the Annals of Occupational Hygiene contains the papers read at the Ninth 
Conference of the British Occupational Hygiene Society which was held at the 
London School of Hygiene and Tropical Medicine on 11 and 12 November 1958. 


In addition, since this aspect had not been mentioned during the Conference, Mr. 


J. G. Homes agreed to contribute an article on the lighting of outdoor installations. 


The Conference was followed by a visit to the factory of the Paints Division, Imperial 


Chemical Industries Ltd., at Slough. 
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dark-adapted state, the periphery is far more light-sensitive than the fovea, as a result 
of the high sensitivity of the rods and the convergence of many rods on to a single nerve 
fibre. 

VISUAI ITY 

Although the resolving power on the visual axis reaches quite a high value, there 
is a finite limit to the angular separation that can just be detected between two lines 
or points of light. A convenient figure to take as this limit is 1 min of arc, but under 
good conditions of viewing and with a keen observer something rather better than 
this can be achieved. 

[here are several factors that contribute to this limit. There are physical factors 
such as the finite wavelength of light which prevents an exact geometrical reproduction 
of a fine object being imaged on the retina, while spherical and chromatic aberration 
in the lens system of the eye produces further blurring, and light scattered in the 
optic media and the retinal tissues will reduce the contrast. Then the dimensions of 
the foveal cones set a limit to the fineness of the retinal mosaic, and any neural con- 
vergence of two or more receptors on to a single nerve fibre will enlarge the effective 


dimensions of this mosaic 


§ 
: 
E 
2 
t 


Fic. 7. Intensity distribution in retinal image of two bright lines near the resolution limit. Broken 


curve represents the sum of the retinal illuminations of the separate images 


However, acuity cannot be considered solely in terms of image and receptor dimen- 
sions, since the intensity distribution across the retina of the images of two bright lines 
near the resolving limit will be somewhat as shown in Fig. 7. To recognize that there 
are two narrow lines rather than one broad line requires that the observer should be 
able to detect the small drop in illumination in the centre of the image. Thus, in the 
limit, visual acuity may become as much a problem of brightness or luminance dis- 
crimination as one of angular separation. Further, if fine scanning movements of the 
eyes are also taking place, then a purely static concept of resolution is manifestly 
incomplete, and a full analysis would involve the time response of the retinal and neural 
processes. 

Chis last point is of some importance since it may provide one explanation for the 
improvement in visual acuity that is known to occur with increase in the illumination 
level of the test object, since neuro-physiological studies have demonstrated that the 
higher the retinal illumination, the more rapid the nerve discharge. Other factors may 
include the smaller pupil diameter and the reduced neural convergence associated 


with higher light levels, while enthusiasts for information theory may claim that the 
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Fic. 8. Spectral sensitivity curve of foveal cones 


On this basis we can explain the perception of colour on the assumption that 
varying amounts of activity will occur in the red, green and blue receptors in the 


retina, depending on the spectral composition of the light entering the eye. In the 


visual cortex, corresponding centres must be stimulated by the signals from these 


three groups of receptors, giving rise to sensations of redness, greenness and blueness, 


and indeed of whiteness, yellowness and so on, depending on the relative stimulation 


1e literature on the subject, and the tech- 
example, by the author (WRIGHT, 1958). 
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SUBJECTIVE ASPECTS OF THE EVALUATION 
OF LIGHTING* 


R. G. HOPKINSON 


Department of Scientific and Industrial Research, Building Research 
Station, Garston, Watford 


Abstract—There is now available information on the effect of lighting levels on visual acuity and 
visual performance and of the effect of the brightness relations in the field of view on visual comfort. 
Much remains to be done before we can confidently design the ideal lighting installation, but never- 
theless we know quite enough now to assess on their merits those factors which assist in the provision 
of good lighting. Each factor must be given its proper significance in the assessment of the lighting 
installation as a whole. As with many other problems of design, compromises have to be decided 
between opposing factors. Perhaps the most difficult compromise is that necessary to achieve a balance 
between high levels of illumination for good visual performance, and satisfactory brightness relation- 


ships in the field of view to ensure absence of discomfort 


INTRODUCTION 
IT is useful to follow the development of lighting thought and lighting practice over 
the last 50 years. The pendulum has swung first one way and then the other in response 
to the introduction of new lighting methods. Fifty years ago artificial light was 
expensive and could only be provided in small quantities. But the eyes demanded a 
certain minimum level of illumination to perform their function satisfactorily. It was 
therefore necessary to direct the small quantity of expensive light on to the work and 
the work alone. So a tradition of local lighting grew up around which all lighting tech- 
niques were developed. For some years purely local lighting was the only method of 
artificial lighting which could be practised in any but the most opulent surroundings 
It is interesting that this form of lighting was not only expedient but was also con- 
sidered to be good. Relatively few people demanded high levels of general lighting once 
darkness had descended. In some circles this tradition still persists. Many elderly people, 
and not only elderly people, are still convinced that local artificial lighting alone is 


more comfortable, gives better vision than more modern forms of general lighting. 


[he introduction of the cheap tungsten filament lamp together with a determined 


ittempt on the part of the electrical supply industry ll electric current cheaply 


and in large quantities, brought about the first major change in lighting thought and 


t 
lighting practice. For the first time people had the opportunity of seeing what could 


be done by artificial lighting methods which took as their ideal the high levels of 
uniformly distributed light which were available from natural lighting. On the whole 
people received this revolution with satisfaction. Before very long general lighting 
was the rule rather than the exception in workshops, offices and schools. In the home 
local lighting prevailed much longer, but the introduction of cheap ranges of low 
wattage lamps coupled with the popularization of the two-part tariffs in England, 
enabling current for lighting to be obtained very cheaply, eventually persuaded the 
householder that he too could try to emulate daylight after darkness had fallen. 

* Crown copyright reserved 
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visual performance test when it is very difficult, but he may not be able to do it without 
considerable expenditure of effort. WESTON believes that this factor should manifest 
itself in speed and in lack of accuracy of the performance by the subject. But another 
way of estimating the ease of seeing is to ask the observer to judge it himself. At the 
Building Research Station we have for some years used a special psychological tech- 
nique which we call the “multiple criterion technique”, which enables us to assess 
these subjective factors to a greater order of reliability than hitherto, and, what is 
more, we find how the relevant physical variables affect the sensation of, for example, 
degree of difficulty. Using this technique it has been possible to find the relation 
between the level of illumination and the ease of performance under various con- 
ditions, such as, for example, reading standard “‘Times Roman” letters under prac- 
tical conditions. In this way we know the effect of illumination level on ease of seeing, 
as well as on visual acuity and visual performance as determined by WESTON’s work 
and the work that went earlier 

Here then is the solution to the first of the problems confronting the lighting 
engineer in his attempt to evaluate the whole effect of lighting. He can demonstrate 
clearly that the more light he has on the work, the better will be the worker’s visual 
acuity, his visual performance, and the ease with which he performs. If the lighting 
is initially bad, a great improvement in vision will result from making it moderate. 
But if the lighting is initially moderate, a vast amount of more light is necessary to 
make it good; the law of diminishing returns operates very typically. This is a very 
difficult situation to explain to the non-technical executive. The business man and his 
accountant naturally think arithmetically, but the lighting engineer has to think 


logarithmically. 


GLARE OR TOO MUCH LIGHT” AND THE LIKI 
We once did a simple experiment at the Building Research Station merely as a 
demonstration to illustrate some of our more complicated researches. It is common 
practice to light small offices with opal spheres, a practice which we now deprecate, 
of course, but is still not uncommon. In a small office, the opal spheres were lamped 
with 500 W photo-flood lamps controlled by variable transformers. In this way it was 


possible to vary the illumination in the office from a very low level to a very high 
level indeed without any change in the method of lighting technique (the colour 


temperature of the light sources did of course change). The observers in the experi- 
ment were given a simple visual task to do, which consisted of reading some rather 
poor print. At low levels of illumination their chief complaint was that there was 
insufficient light to see the task. At a level of about | Im/ft® the task could be seen 
only fairly, while at 3 lm/ft® there appeared to be enough light to see moderately well. 
At this level of illumination no discomfort was experienced from the glare sources, 
which then had a brightness of about 300 ft lamberts. An appreciable improvement 
in visual ability appeared to result by continuing to raise the illumination level up to 
about 10 1m/ft*, but at this level complaints about the glare discomfort began to be 
made. The glare sources then had a luminance of about 1000 ft lamberts. When the 
illumination level was raised still further, from 10 to 20 lm/ft*, there was a noticeable 
increase in the glare discomfort which was not matched by an appreciable improve- 
ment in the visual ability. With still higher levels of illumination the discomfort 
became intolerable, and the lighting installation was quite obviously unsatisfactory. 
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Under the conditions of this very simple experiment, therefore, the optimum com- 
promise between the amount of light necessary for good visual performance and the 


limitation on the brightness for absence of glare discomfort appears to be somewhere 


of the order of 8 to 12 lm/ft* which comes from light sources with a luminance of the 
order of 800 to 1200 ft lamberts 
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these higher levels of brightness are being produced by many more lighting units 
than were previously necessary, and, since discomfort depends not only on the bright- 


ness of the glare source but also on its area, the risk of discomfort from glare is even 


1ave demonstrated conclusively that the dis- 
comfort effect a an be assessed in terms of the brightness of the 
source, the apparent size of the glare , its position in the field of view, 
addition to all of this, the brightne the ; ral surroundings in the field of view 
t} 


the glare source. The glare 


to a reasonable degree of approximation, by the 


contribution which the British studies h 


use of a psychological method known 








Subjective Aspects of the Evaluation of Lighting 


an “experienced” observer | r identical « 
showing the increasing sens 


over the period Studies were 


could reasonably be taken to be 


glare. Judgments were taken frot 


ditions 
and a 


sh WS 


tic 


of sample assessing glare as better 
eve 


Mean f Mean for 
genera | experienced 


° 
o) 
gust acceptable” for giver 


Proportion 


Background luminance, foot -lamberts 


Fic. 3. Relation between mean observation of the experienced team and observations of the general 


population on glare discomfort 


icceptable Source luminance 1000 ft lamberts 





s have been applied 





r 


300 #4100 Yl | SH 
| = ~ \Biwe Sty) 





: Lh Fr) —~ a TTT 
a) eoiDh Db ee 
¥ = . % . 


11opo 


se iteKlow 


Fic. 5. Office with brightness measurements for glare assessments. 








Subjective Aspects of the Evaluation of Lighting 225 


given light source for the same degree of glare discomfort. At this latter level (7-4 ft 
lamberts) 85 per cent of the general population would be satisfied. 

This figure is fairly typical for all the conditions examined. The conditions which 
would satisfy 50 per cent of the experienced people are found to satisfy between 
80 per cent and 90 per cent of the inexperienced people. 

It was therefore suggested to the C.I.E. that this basis (85 per cent of the general 
population satisfied) should be taken for a set of international glare tables. 

Some difficulties may arise in substituting in the proposed glare formula, especially 
under conditions such as daylight or luminous ceilings, in determining the value of 
the term A for the apparent size of the source. A special equal-area plotting web 
(Fig. 4) has been devised in which the “position index” (i.e. the compensation for the 
angle between the direction of viewing and the direction of the glaring source) is 
introduced in the diagram. A room can therefore be measured up and plotted on the 
diagram as shown in Figs. 5 and 6. The glare sources plotted on this diagram are 


measured with a planimeter and this value substituted in the glare formula 


THE EVALUATION OF LIGHTING 

As a result of all this recent work the lighting engineer now has at his disposal 
methods for evaluating the effect of illumination levels on visual ability, and the 
effect of the brightness of the environment on visual comfort. He still lacks, however, 
some fully scientific method for evaluating the general effect of the installation as a 
whole. This is a difficulty which we are always having to face when we are concerned 
with Gestalt properties. Most experienced lighting engineers or architects are capable 
of summing up the general impression of a lighting installation and of grading it as 


“good” or “bad” or any other general assessment which seems appropriate. Usually, 


or at least quite often, a consensus of opinion agrees in this assessment. On the other 


1 


hand, it is the most difficult thing to find some physical measure of this ““goodness’”’. 
Our usual procedure when we are faced with a Gestalt situation is to take the situation 
to pieces, for example, into visual performances, visual comfort and so on, make 
measurements on each of the component factors, and then attempt to 
assessments together, weighting each factor suitably, and so arriving at a final assess- 
ment of the whole situation. This technique works when we know exactly the signi- 
ficance of each of the factors. Usually, however, we do not, and so the weighted sum 
may give quite a misleading assessment of the Gestalt. 

The difficulty is that in the process of the mental assessment of the lighting instal- 
lation there is a continuous process of trial and error, of compromise and compen- 
sation, and these processes depend upon the various physical factors. For example, 
in an installation which has a fairly high level of illumination, and only a moderate 
degree of glare, the weighting for each of these factors may possibly be about the 
same, whereas if there is a very high degree of glare, the weighting for glare may 
have to be proportionately greater, because glare is then an obtrusive sensation, and 
not one which has to be searched for. It has been suggested that some methods of 
factorial analysis may yield the satisfactory solution to this problem of the integration 
of the various physical factors which determine the “goodness” of a lighting instal- 
lation. There seems some doubt, however, if such a study would be either successful 
or worth while. In practice it is often much more useful to know the component 


characteristics of an installation when one is judging its merits for a particular purpose. 





R. G. HOPKINSON 


CONCLUSION 
As has been 


must take subjective factors into account. 


are now available for the assessment of many of the 
as to whether it is 


Some doubt exists, however, 
hese assessments into a single figure of “goodness” 
rhit g Research 
ne 


Rese 


DISCUSSION 





Subjective Aspects of the Evaluation of Lighting 


possible, say, to saturate one colour receptor by a very bright source but still leave the others 
functioning? 


Dr. HOPKINSON, in reply, said it might be, but it had not been investigated. The only thing which 
had been investigated was the relative degree of glare which was given by different commonly-used 
light sources, such as sodium vapour or mercury vapour 
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difference in performance can be demonstrated (at any rate over periods of the order 
of some hours’ work) as a result of very large changes in quality or comfort of the 
visual environment. 

That quality and comfort of lighting do however have an important effect on the 
human being is a common subjective experience: we all know what fatigue and tired- 
ness are, and how they can occur without physical effort, and we are aware that in 
some way a performance maintained under bad lighting is being maintained at some 
cost to the individual. It is this cost therefore of which we are trying to establish some 
relative objective measure in our studies on visual fatigue 

In considering the source of our subjective feelings of fatigue we can distinguish 
between muscular fatigue due to excessive activity or excessively long periods of 
contraction of certain sets of muscles, and the feeling of general or central fatigue or 
tiredness due to the difficulty of the task 

WESTON (1953) has clearly differentiated these two forms of fatigue, and described 
in some detail the operation of the various sets of muscles involved in a visual 
task. He has also discussed whether the retina itself can show any sort of fatigue 
effect, and has concluded that whether or not this is possible, it is certainly 
impossible that any sensation other than that of light can be experienced in the 
retina itself 

[he avoidance of muscular fatigue is a fairly straightforward pr 
lighting engineer. The important thing ts ynsure that a comfortable 
focussing distance are not hindered by shadowing, lack of illumination 
bright reflections, and that a comfortable background is provided on which 
relaxation of accommodation can take place. 

However, even if these conditions, which might be termed the mechanica 
are satisfied, there still remains a distinction between the tiredness caused by poor 
lighting, where the visibility of the task is not satisfactory or there are distractions or 
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Illumination on plane of scale 14 ft-lamberts.) B.R.S. Vernier setting experiment 


lhe following features of SALDANHA’s subject selection were thought to be significant 
in influencing their performance on the test 

(1) The subjects were selected to ensure that they gave consistent readings with high 

initial accuracy. This meant long periods of training (for half-an-hour a day 
for up to a week) for the unskilled subjects, but only training for an hour for 
the engineering undergraduates and research workers, and it is understood that 
this involved a high rate of rejection, certainly for the unskilled subjects. 

rhe naval ratings (and presumably the engineering undergraduates) were all 
men in the 18-23 age group, whereas our subjects were in the 25-40 age group, 
and were of both sexes. It was pointed out that no knowledge existed of sex 
correlations in performance of the task. 

[he subjects had no concern whatsoever with the result of the experiment, 
whereas most of our subjects naturally approached the test from the point of 
view of a research worker in the same or allied fields. 

In view of the fact that subjects for an investigation by the station involving tests 
for a long period of time could not readily be chosen from outside the research staff, 
and even then at a cost of interfering with their own work, the indications of this 
investigation were that a test should be sought which depended less on practice and 
training effects and less on a delicate psychological balance of motivation and 
objectivity. 

MEASUREMENT OF ACCOMMODATION TIMI 

In further consideration of the more objective methods of inaicating the effects of 
prolonged visual work, attention was drawn (particularly by LE GRAND in a private 
discussion in Paris) to the fact that more evidence had been put forward of the effects 
on accommodation and convergence. (The successful experiments described by 
F. V. MICHAL (1954) were also noted.) 

In view of the fact that SALDANHA had not demonstrated any change in muscle 
balance during his experiments and in view of the slightly nebulous quantities repre- 


sented by near and far points of visual accommodation, it was decided to study the 


possibility of obtaining an indication of fatigue imposed by a visual task by the 


change in time for the eye to accommodate from near to far vision. 
Both objective (measurement of lens curvature) and subjective (measurement of 


time for sharp vision) techniques of measurement of accommodation time have been 
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Measurement 


after a 2 hr spell of setting of the vernier as in the Saldanha method described above, 
and to avoid possible psychological problems arising from the use of subjects with an 


interest in the work, arrangements are being made to recruit and pay 


outside the station staff. It is hoped to report 1 a future comm 
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VISUAL TASKS AND VISUAL CAPACITIES—THEIR 
RATING AND MATING 


ROBERT J. FLETCHER 


Department of Ophthalmic Optics, Northampton College, London 


INTRODUCTION 


VISION is becoming more widely recognized as being of great importance in industry. 


Blind people are capable of performing many occupational tasks, and automatic 


control 1s suitable for some processes. Vision remains a vital matter in the majority 
of industrial situations. 
A task which conforms to a good standard of visibility can be performed accurately, 


quickly and safely. If the vision of the operator is inadequate the attributes of the 


ly, visual tasks and visual capacities must be matched 


Ve 


task may count for nothing. Clea 
to each other to avoid eyestrain, inefficiency and accidents 
Correcting spectacles are only one possible means by which vision can be improved. 


the most important, despite ten years of widespread use, of 


At present it is probably 
the National Health Service facilities. Almost ha e adults in thi 


“Ountry Na\ 


tacles of some areful surveys reveal 


. ] _ day ) 1 7 7 " . n 
employed in industry tod: till need more adeq spectacle correctio 


In some cases no correction has ever been used. in others the correction is 1 


either in power or in form. Skill frequently compensates for visual diffict 
In some cases spectacles are not required > work despite 

the aptitude of the myope for such occupations as watchmakin; 
known. Vision may have a good O! bad effect upon working efficiency 


work may have a bad effect on visual efficiency: especially is this true in 


close work and in occupations where harmful radiation is found 

difficult a task is, the more care should be taken to ensure that it is carried out by 

someone with adequate vision. It is fitting here to mention the work of H. C. WESTON 
lot 


over the last 30 years and more, which has done so much to establish the relationship 


between visual performance and visual conditions. In America, M. LUCKIESH has 
been active in similar ways. At the Northampton College, London, where we 
the majority of the nation’s ophthalmic opticians, the subject of industrial ophthal- 


mics has been stressed for many years. 


COMPONENTS OF THE VISUAL TASK, AND MATCHING CAPACITIES 


Size 


In vision, the “‘size”’ of I 


an object is best considered as the size of the angle which 
the object subtends at the eye; this is the same as the angle subtended by the retinal 


image of the object at the posterior nodal point of the optical system of the eye. The 
“visual angle’’ depends upon two factors 

(1) The dimensions of the object, called x, measured in centimetres 
which case it is 


(2) The distance of the object, considered rather as a nearness, in 


measured in dioptres (D). 
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advantages. First, the visual angle can be regarded as the 
obtained in units known as prism dioptres (4). Second, a 
with both the amount of accommodation needed to 

e spectacles. Fig. | shows how two objects at 


visual angle 


etimes 
be made directly or photo 
has to use as the retinal 
can be so tilted as to reduce 
roads are made to compensate 
nethod of increasing the virtual 


s restricts the observer to a short 


nage he looks at is a relatively distant one 


ne devices which magnify well, but projection 

s of viewing through lenses. Fig. 3 illustrates 

ten fixed by the circumstances of a task, and other factors 
Careful observation will frequently reveal that workmen 
neces for their nearer observations; in the case of a pres- 


who is corrected with near-vision spectacles, difficulties 


is either the position of the saw 


the two undisturbed parts of the 





Dx factor by magnification (General Electric Company photograph). The 
size of the critical detail may make it unnecessary to reduce the working 


distance 


Fic. 4. Forced increase of working distance (photograph by D. F. WaGstarr). An undercorrected 


presbyope tends to have to hold his work at arm’s length to avoid the necessity for accommodation. 


This reduces the visual angle of the task. 
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may arise because his prescription has too little depth of focus. In such cases special 
types of bifocal are sometimes indicated, or even the use (upon professional advice) 
of an old and weaker pair of reading glasses. It is typical for the uncorrected presbyope 


to lengthen his working distance, thereby re ing the \ angle and possibly 


making it even harder to see clearly (Fig. 4) 

WESTON (1935) carried out an investigation of > perf lance IS subjec 
doing a “‘standard near task’’. Precautions were taken to rule out the effects of fatigu 
practice, etc., an reveal the relative merits of size and illumination. Illu 


is well known as a me of improving performan provided it 











N's data (1935) 
tion for any give! 


valent to | n 


Visual acuity is the matching capacity, taken with accommodation. Visual acuity 


as it is usually measured with a Snellen letter chart at 6 m can be a good guide to a 


person’s visual capacity. It is only a distance test, however. Distance acuity can be 
reduced by such ocular errors as myopia and astigmatism, while at the same time 
the near vision acuity can be splendid. Separate estimations for distance and the neat 
working distance are necessary. The latter can be carried out with Jaegar or “Near” 
charts, or on practical objects of known size. A person with 6/6 visual acuity can 
detect a gap or series of gaps in a lette n ; the dimension of the 
approximately 0-3 cm. The visual angle here nin arc, about 0-03 

the same order of visual acuity at the “conventional” reading distance of 

must detect detail, the dimensions of which are 0-01 cm. Three dioptres 

modation would be used for this near task, unless some of the “power” was provided 


by near vision spectacles. It must remembered that myopes may have good near 


visual acuity and young hypx may have good distance acuity; in both ca 
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a critical visual ta (photograph by courtesy of 


a large publishing house, are provided with a good 
k } i I i 


brightness ratio 





il Capacities Their Rat 


average distance of 15 cm, SUTCLIFFE (1950) found that esophoria was induced 

end of the shift. Weston and Apams (1928) and others have proved the util 

providing special spectacles glazed with appropriate amounts of plus sphere 

with base in prism. The effect of such spectacles is to image the work 

where a reasonable effort of accommodation ca! harmonized wit! 
nount of convergence. Vertical heterophoria ma‘ luced by 

ilting during work. Lathe workers may exhibit right “hyperphoria” or 

(Fig. 7), in h ci ps to relieve the 

doomed to failure Accident ratings ol workers son 

accident proneness with heterophoria. Performance and learning 

been shown to be influet by heterophoria in me individuals but thet 


infallible rules 


rward 
he contrast between 

times applied to the latter 

which have equal reflecting 

nequally; for exam] when a lantern slide is projected 

reen. The more frequent cause ol ast is the unequal reflexion of 

ferent components of the task; the printed page is an example. Specular 

ommon cause of glare which gives unwanted contrast but at times, as 

graved in a polished surface are viewed, reflexion may enhance contrast 

Society’s recommendations use the terms “good”, 

t, since ugh assessment is usually possible. More 

methods is difficult an r practical purposes, com 


with sur wn refl matching each component of the task in 


should be 1 a host of patior yntrast can be readily impro' 


4 


extile industries, there is ar 
inspectiol iv there » have to detect minimal contrast 
conduc ve ) [ ity must be used to the full (ft ig 5) Gili 


egarded as a destroyel I cK ra nce it tends to veil the retinal image 


brightness or contrast ratio between task and surroundings inf 
task. It is considered good practice to keep the brightness (luminance) of the 
mmediately around the task just a little lower than that of the 
The appropriate visual acities depend upon the exact nature o 


j 
ly consist ol 


and brightness discrimination. Visual acuity, 

discrimination yractical purposes visual acuity 
ng, possibly with low contrast charts for occupations 

inspectors an n grad Serious loss of light 
sense, caused by retinal disease or gross vitamll sfhicien is a contra 
to work under low illumination, night driving or mining 

Colour contrast is of great importance in many occupations but the subject is t 
vast to be considered here. Suffice it to say that contrasts of hue and saturation m 

f } 1 


be emploved to facilitate vision and the quality of the illumination must be chosen to 


avoid confusion. Paint and fabric matching is notoriously risky under the light of 








Fic. 12. A typical visual screening device (courtesy of Keystone View Co., U.S.A.). The device 


depicted is in direct line of descent from that first used by E. A. Betts for the screening of school 


children. Numbers of vision screeners have been developed, with differing merits. 
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extremes of luminance are of very limited use. Photophobia may be an important 


consideration, as may night blindness. In aged people, especially, clouding of the 
ocular media, e.g. cataract, can be a source of aggravation of the adverse effects of 


too much light entering the eye. On the other hand, the small pupils, low media 
transmission, drooping lids and slow retinal response of the elderly may indicate 


much more luminance than for the young. 


4. Time 

Visual perception takes between about 0-01 sec and 0-30 sec, according to the cir- 
cumstances. The attributes of both task and observer can affect this time. One 
important aspect of timing in industrial vision relates to flickering lights or to strobo- 
scopic effects connected with moving parts of machines. The foveal perception time 
is roughly the same as the duration of the shortest fixational pause of the eyes during 
critical vision, but blinking and poor co-ordination of vision with movements in parts 
of the task can complicate the issue. Fixation is at a disadvantage if vertical, rather 
than horizontal, eye movements have to be made. It takes longer to focus the eye’s 
optical system for near vision than it takes to relax accommodation; KIRCHHOFF (1940) 
found average times to be respectively 0-5 sec and 0-4 sec. Fatigue may increase 
“positive” accommodation but “negative” accommodation is virtually unaffected. 
[he young can refocus more quickly than the old. 

[he rating of vision in terms of perception time may be applied to certain tasks 
where time is all important. Tachistoscopic observations should heip in assessment of 
individuals; practice in such observations will frequently improve capacity for rapid 
vision. Much can be done by process revision (Fig. 11) to allow more time in which 
to see the critical details of certain tasks, and subjects can be taught not to blink at 
the wrong moment. Tasks can be inspected to see if extraneous factors such as dust, 


noise or hazards are over-conducive to blinking 


5. Task format 

Ihe physical and psychological factors concerned with visibility are not strictly 
separable. The design and layout of tasks may influence the way in which an individual 
responds; the whole range of perceptual abilities of the individual is affected and little 
can be done by way of mating. Personnel selection by such stock methods as “form 
boards” or written intelligence tests should be based upon differences between success- 
ful and unsuccessful workers. Dials and scales must be designed for minimum con- 
fusion and maximum visibility, for example, using scales of ten which are divided 
into units of one. Altimeters should have the zero at the lower end of the scale, rather 


than at the top 
HAZARDS 


It is worth considering the problem of ocular hazards in the context of visual tasks 
and visual capacities, since so many tasks involve hazards. Visual capacity can be 
totally destroyed or weakened as the result of radiation or trauma. The correction of 
sight with lenses is bound up with both task and capacity; lenses may possibly add 
to the risks or reduce them. It is common for stout goggles and other individual eye 
protectors to be provided in industry, only to be ignored as cumbersome or awkward. 


In a majority of such cases workers will be substantially protected if they wear 


spectacles. The spectacles should be robust but elegant and the lenses may be 


toughened glass, laminated glass or plastic. 





TASK ANALYSIS #4 SCREENING 





latent hyperme y-planne reening should take up ab 
person. The record must be examined by or according to the dictates of 
practitioner. A report should be given to the employee to the effect that h 


shown to stand in need of a further examination of his eyes. or that he came up 


standard laid down. It is stressed that the device does not give a full eye examinz 
Management may require a report, although it is a moot point whe 


, : 
officer 


the property of management 


cen to avoid suspicion on the part of employees that this is a ““weeding out 


accent must be on bringing people up to a satisfactory standard. 
‘lection of new applicants for jobs, screening can be extremely useful. 
Hosiery manufacturers, for example, invest a lot of money and time in training 
workers. Visual aptitude for tasks can be tested most readily by screening methods 
and many cases can be cited where the resulting placement of workers has been 
rewarding 
y all 4000 workers were screened. In one department 
red for fuller tests. Of these, 70 took the advice and consequen 
70 increased their performance. Of the 43 who ignored the advice, only 1 person 
s found to increase performance. Much information has already been accumulated 
worth of screening in industry, but screening must be used 
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MODERN METHODS OF ARTIFICIAL LIGHTING 


M. W. PErRc! 


Lighting Division, 
The General Electric Co. Ltd., London 


INTRODUCTION 

THE words comfort and discomfort have already been mentioned in papers read 
earlier at this conference, and it seems right that we should try to make sure exactly 
what we mean when we apply these terms to lighting. We all know that the presence 
of the one means rather more than the absence of the other. A comfortable chair, fo1 
instance, has a positive attraction, but it is important to remember that to be really 
comfortable it must suit exactly your particular mood or requirement of the moment. 
If the chair is too low or too high or too hard or too soft, we immediately become 
conscious of the chair rather than its comfort. 

When we think of comfort in lighting we think also of something that is positive 
in its contribution to our comfort, and is suited to the needs of the moment and is 
neither too hard nor too soft. In the case of industrial lighting it would seem that 
fundamentally we are concerned to give the eyes and mind the opportunity to work 
without distraction, to make efficient seeing the criterion of goodness without anyone 
being conscious of the lighting system that makes this possible. It is well known that 
lighting by means of candles is “restful” and indeed the lighting is of such a nature 
that it is hardly possible for it to cause discomfort. No one could say, however, that 
the lighting is adequate for any industrial occupation which needs accurate vision, 
and it cannot, therefore, be “‘comfortable” for this purpose. 

Present-day light sources with their high luminance and efficiency have made it 
easy to provide ample light but they can also very easily cause discomfort, and in fact 
the more light we provide the more difficult it 1s to ensure comfortable conditions. 
For example, the illustration (Fig. 1) shows a drawing-office lighted by a multiplicity 
of enclosed globes using 300 W lamps. The illumination value of over 30 1m/ft® is 
good but the discomfort caused by the fittings themselves is considerable. What is 
required is the “lighting” without the “lights”. The installation was replanned with 
a partitioned ceiling forming an overall louvre system and using fluorescent tubes as 
the light source and this system is illustrated in Fig 

In the first illustration an attempt had been made to reduce glare by enclosing the 


lamps in large diffusing globes and these have the effect of reducing the brightness of 


the glare source, but the result would have been satisfactory only at low levels of 
illumination or in a much smaller room. In the second illustration the glare has been 
reduced by providing a cut-off so that the light sources are not seen at normal angles 
of vision and the result is much more satisfactory. 

[he illustrations show two methods of reducing glare, and in fact only these two 
methods or combinations of the two are available to the lighting engineer in his 
attempts to separate “glare” from “‘light’’. 
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Partitioned ceiling with fluorescent lamps giving 50 Im ft 








In an extensive installation the skirt glare of 


distant fittings can be unduly noticeable 


Fic. 6. The central fittings give a greater downward intensity than the remainder 
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Modern Methods of Artificial Lighting 


[see Fig. 9(b)]. A louvre of the type in Fig. 9(b) when used with a specular type trough 


reflector of correct design would ensure a dark appearance from normal angles of 
view from two sides and from one end. This arrangement may have useful applications. 

If the louvre and reflector skirt are to look dark from all directions then the louvre 
needs to be of wedge shape | Fig. 9(c)|. This has the obvious disadvantage that the 
top of the wedge must obstruct a good deal of the light output of the lamp. To over- 
come this difficulty a type of louvre in extruded aluminium has been used which is in 
stepped form, allowing the working face to be set at the required angle while keeping 
down the thickness of the louvre. 

An illustration of an installation using louvres of this type is shown in Fig. 10, and 
it is a remarkable fact that even a practised observer would estimate the illumination 
in the room at not more than 20-25 Im/ft*, whereas in fact it is as much as 70 Ilm/ft?. 
It should be noted that the brightness of the louvres is low enough to have been 
recorded by the camera. 

[his system of limiting the maximum fitting luminance at normal angles of view 
seems likely to be very useful with elongated sources such as 5 ft and 8 ft fluorescent 
tubes. The downward illumination is greater than that from a white reflector because 
the side reflectors more than compensate for the loss due to the louvres and an 
increased mounting height can therefore be used. The luminance from normal angles 
of view from any direction in plan can be reduced to a low value. This means that the 


more remote a fitting is from the observer the lower will be its luminance 


SOME SPECIAL PROBLEMS IN INDUSTRY 

While, as a general rule, reflexions from highly-polished surfaces must be avoided 
as far as possible because they can cause discomfort and even disability glare, there 
are a number of instances in industry where these reflexions are used by the operatives 
in order to see what they need to see. An example is the trade known as “clicking” 
in the leather industry. The reflexion from the surface of the leather must be seen to 
follow the grain and to choose the position from which to cut the pattern. In another 
example from the printing trade, the “formes” of type must be checked. When the 
light source is reflected in the surface, the type can be clearly seen. If the angle is 
changed so that the reflexion is lost, the seeing task becomes much more difficult 
In still another instance, in the motor-car industry the finish of paintwork is examined 
by using a reflexion of the source. In this case scratches and irregularities show up as 
imperfections of the image seen 

In these cases where the reflexion is intentionally seen by the worker it is necessary 
to limit the luminance of the source to a value which 1s sufficient for the purpose, 


and some experiment may be required to find what this value 1s 


FOOD FACTORIES 
[he provision of suitable lighting equipment for food factories is a subject 
has received special study in recent years. The object has been to desig 
equipment which cannot, under any circumstances, cause contamination of 
being prepared. Obviously the fittings must have smooth exterior surfaces which are 
easy to clean and must be of a totally enclosed pattern, because electric lamps have 
been known to burst on failure and, if this were to occur over a food preparation 


bench, the whole batch must be condemned. The designer of the fittings must also 
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respect to the drawing table must be very carefully chosen if both these requirements 


are to be satisfied, and the angle of the drawing board is a related factor of great 
importance. An adjustable local light may solve these difficulties, but this does not 
alter the fact that such lighting can never be really comfortable to work with for long 
periods because the eye and mind do not have the opportunity to work without dis- 
traction. The best solutions of the drawing-office lighting problem have either a 


partitioned or louvred ceiling or use fluorescent fittings carefully positioned and 


designed to concentrate light from relatively high mounting positions. It is important 


that in a large installation the lighting units should be designed to be inconspicuous 


against their background. 
In conclusion it is emphasized that, while modern and efficient light sources make 


possible high values of general illumination, the greatest care must be used in the 
ig of installations, if the overall result is to be of 


design of fittings and in the planning 
the highest quality. 
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Colour in Factory Buildings 


loday, interest in the use of colour in industry is widespread, not only in major 
industrial undertakings, but in the smallest of factories. Management and operat 
alike are usually most enthusiastic, and having seen the results of colou 
are eager to do more. 

COLOUR AND EFFICIENCY 

Colour should, and can, provide a pleasant and comfortable working environment 
for employees. If this is achieved, other useful things follow automatically. The 
operative can work more efficiently because he can see better. Because he can see more 
clearly his job becomes less fatiguing, and if he is less tired his productive output can 
be sustained over a given working period. Better seeing conditions mean less time 
lost through accidents. These matters can play a big part in cementing good relations 
between management and employee. Good colour also means more efficient use of 
both natural and artificial lighting. In one American factory it was claimed that the 
available light was doubled merely by re-painting. This may sound incredible yet in 
extreme examples the improvement made is quite remarkable and could conceivably 
be of that order. 

Thus colour in factories is not just a matter of aesthetic effect, but wisely used, 
colour makes a most important contribution psychologically and in respect of labour 


recruitment, welfare and works relations. Our purpose is not to impress the occasional 


visitor or just to satisfy the Factory Act, but to make a real contribution towards 


industrial efficiency. 
These are bold claims. They are substantiated by prominent industrialists all over 


the country who have put the matter to the test 


COLOUR PLANNING 

Much thought is very properly given to the planning and construction of new 
factory buildings today. The building is no longer a means of keeping the weather 
out and housing machines. Architects now consider the problems of layout in con- 
junction with heating, ventilating, lighting, dust extraction and insulation at a very 
early design stage, but, all too often, the question of colour is dealt with arbitrarily 
at the end of the job. The fact that colour can improve the efficiency of some of these 
essential services is either not understood or just ignored. Modern research has proved 
colour to be a specialist job and many architects are now finding it helpful to 
collaborate with colour designers at an early Stage 

Light, colour and vision are interdependent. Just as the architect considers his 
building in relation to the scale and needs of the human occupant, just as the heating 
engineer considers his system in relation to bodily comfort, so the colour designer 
must consider colour in relation to seeing and the physical well-being of the beholder 
It is not generally realized how strong a link there is between colour and comfort. 
Before colours can be put together in an effective and pleasing manner certain funda- 
mental attributes of colour must be understood. The selection of colours is not just a 
matter of flair or taste. These must be supported by a knowledge of some very 
uncompromising properties of colour. 

Extreme contrasts in brightness can contribute to physical fatigue. We have all 
experienced the tiring effect of walking round a large exhibition. This fatigue is largely 
due to eye strain caused by all the bright lights and bright colours competing for our 


attention 








Colour in Factory Buildings 


In choosing colour schemes all the coloured surfaces must be considered, 
floor or wall tile colours, the colour of any protective clothing worn by the operatives, 
and in particular the colour of the material being processed. A lathe, for instance, 
used for turning non-ferrous metal could be painted in a grey-blue, roughly 

ie golden yellow metal being worked. The same colour might, h 
riate on another machine processing a differently coloured material. 
ariable factors which can only be resolved in relation to a particular 

set of circumstances in a particular building. In relating these factors to the building 
the colourist must exercise his experience and judgment. Two import 
of colour should also be borne in mind 

In the solar spectrum some colours are light, e.g. yellow, and some deep, e.g. blue 
Combined in that natural order in terms of depth of colour they will produce a 
pleasing effect. If the order is reversed (i.e. deep yellow with a pale blue) a discord 
results. This simple rule can be applied to all colours 

In the right surroundings such as in display or exhibition structures, colour discords 
can be used deliberately to stimulate interest just as in music a discord can be intro 
duced to produce a dramatic effect 

When colours are grouped, each colour affects the appearance of others. A light 
colour seen beside a dark colour looks lighter, and the dark colour darker. Comple- 
mentary colours in juxtaposition appear more vivid. Grey viewed with a strong colour 
appears to take on the complementary colour of the strong colour. Thus red will 


induce a blue-green tinge in grey. Colours should, therefore, be considered together 


rather than singly when formulating colour schemes. There is no such thing as an 


intrinsically bad or good colour. Colour can only be considered in relation to other 


colours. 


[hese apparent changes in hue are the result of after-images formed within the eye. 
When looking at a strong colour, the eye becomes saturated with that colour and 
forms its image in the complementary colour. It is the overlaying of these after-images 
that causes the apparent changes in colours when viewed together. 

Immediately two colours are put together the element of design 1s introduced 
shapes formed by areas treated must be considered and the proportions of these 
affect colour choice. Thus a vivid colour used effectively on a winding fran 

*xtile mill would probably be unsuitable for large paper-making plant occupying 


most of a room 


Desirable features can be accentuated and less desirable features made inconspicuous 


by painting out. An impression of height can be produced by 
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LIGHTING THE OUTDOOR FACTORY 


G. HOLMES 


INTRODI 
MANKIND | rking 1n the oper 
occupational 
industries including 
as works and oil refineries are 1 isingly making use of w 
t equipment, and the chemical industry is finding 
over, and that the cost of the building to enc 
es greater than that of the cost of the plant itself 
engineering industries are in the open air such as shipbuilding, 
ing industries, including buildings, roads and bridges, 
outdoor occupation. During the same period there has b 
thod of lighting these outdoor factories. The original meth 
portable hand with an occasional permanent lamp, 
to bad street lig f more modern lighting employs 
and designs of lighting ting which will be considered in this ticle 


referen to tl nl an lemical industries 


THE LIGHTING PROBLEM 
ten thought by the layman to be perfect \ 
because the modelling of the object of regard 
ery dull to very hard, and because the brightness 


nurky fog. Although these adverse conditions may 


c grounds, the operator usually manages very well in daylight 


time he has plenty of light and can put up 


difficulty in lighting outdoor industrial plant 

soften the shadows and to help 

10 roof structure on which 

no working plane on which 

it according to the simple predetermined laws which are fan 


ts for outdoor 








Fic. la. Kwinana Oil Refinery The maze of walk- 
ways, ladders, valves and meters presents special 


problems in lighting 


’ 
_ + 
+ 
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lb. Hydrogen Plant. The different levels and the absence of back- 


ground make local lights necessary 
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SENSATIONS OF WARMTH AND FRESHNESS OI 
WORKERS IN LIGHT INDUSTRY IN SUMMER* 


D. E. HICKISH 


Slough Industrial Health Service. Farnham Road, Slough, Bucks 
(Formerly of the Department of Applied Physiology, London Scl 


Abstract 
| 


tory workers 
from postal ters), and 271 assessments the thermal environment were 


The results of ysis of the warmth sensations have already been 


(HickisH, 1955) ar he summer comfort zones for workers engaged in tasks des 


as sedentary or light manual were found to have the values shown in Table 


fective temperatu 
yrrected effective 
valent temperat 


Dry Kata cooling powel 


* This paper describes a part of the work approved by the | 
the Degree of Doctor of Philosophy 
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than the others. The results from these 3 factories are excluded from the present 


analysis. The remaining 3 factories were single-storey buildings, of similar light 
modern construction, and all the factory processes were comparable in that hot gases 


and fumes were not evolved, nor were there appreciable sources of radiant heat. The 


ventilation of one of these factories was poor, as doors and windows were kept closed 


to prevent contamination of electrical contacts by dirt-laden air from a nearby road 


and main railway line. In the other 2 factories the ventilation was average 


lhe adequacy of the internal environments of these latter 3 factories in promoting 
thermal comfort among the workers may be deduced from Table 2, in which the mean 
daily internal dry-bulb temperatures and percentages of persons feeling thermally 
comfortable are shown in relation to the mean daily external dry-bulb temperature 
measured at 4 ft above ground level 

It will be seen that with average ventilation at least 80 per cent of persons were 


comfortable over a range of outside conditions from 58°F up to 72°F. In the factory 


with poor ventilation, there were not more than 60 per cent of persons comfortable 


at outside temperatures exceeding 66°f The reason for this is seen in 


internal temperatures in the poorly-ventilated factory, which on warm days exceed 
| 


same range of outside temperatures 


those in the other factories by up to 4°] 


Ill. SENSATIONS OF FRESHNESS IN RELATION TO THE PHYSICAI 
FACTORS OF THE ENVIRONMENT 
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DISCRIMINATION BETWEEN ROCK AND COAL PARTICLES 
IN THERMAL PRECIPITATOR SAMPLES OF RESPIRABLI 
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tedious, an analysis taking usually about 12 to 24 hr to perform, although several 


analyses may be run in parallel. DURKAN’s method (1946) involves treating the sample 


j ' 
J 


with hydrochloric acid. phosphoric acid and hydrofluoric acid in succession 


of this method, in which only 10 mg of dust are needed, has been developed (BLANZA1 
and BarBe, 1953) and corrections are made for the solubility of free 
fluoric acid. TALVITIE’s modil (1951) of the Durkan method aims at 


interference from the silicate materials 


timate of the mineral composition of a dust sample 
without direct reference to particle sizes; unfortunately coal itself scatters X-rays 
ver a region where most other minerals have strong diffraction lines (RAY 
1951) 

Geiger—Miuller counter diffractometry is now used for such work, with artificially- 
compounded dust mixtures of known composition as reference standards (GORDON 
and Harris, 1957 nalyses of n than 100 samples per week can be 

gram of sample are needed, calling for gravimetric 
Iractions only are to be assess¢ ugl analyses 


amples of a few milligrams weig! ily. It has been 


accurate 


SU) 
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rhe colours that birefringent quartz particles assume under polarized light con- 
ditions have also been studied (THAER, 1955) but the variations are insufficient to lead 


to a method of discrimination between rock and coal particles. 


Incineration 

Apart from their differences in density, the most obvious property in 
and rock differ is that of combustibility. Pure carbon, when heated in air 
without trac k. be y incombustible, remains virtually unchanged 


tunately, coal leaves a residue, ; it herefore necessary to provide a cor! 


Suggesting thi 
distribution. These 


pollution 


METHODS STUDIED FOR DISCRIMINATION BETWEEN ROCK AND 
COAL PARTICLES IN THERMAL PRECIPITATOR SAMPLES 


It follows from the above that a technique is required to investigate the dusts in the 


1 particulate form obtaining in current sampling methods rather than in bulk. 


dispersec 
Work has been largely confined to techniques involving incineration, although a little 


effort has been diverted to a novel microscopical approach. 


Discrimination by incineration 

At best, this method can only distinguish between the combustible and the incom- 
bustible fractions; however, as the major part of incombustible underground dust is 
rock, the technique may be said to distinguish between rock and coal. 

Effect of incineration on airborne rock particles. The first experiments were directed 


towards establishing the constancy of various rocks under heat. Photographs were 


taken on a Vickers projection microscope of ordinary thermal precipitator cover- 
slips coated with three representative rock dusts, these being Darley Dale Sandstone, 

















} shadowed coal dust samples. Transmitted light (Field 


th 200 u) 
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ever, wide variations in the number of ash particles left on incinerating coal particles 
were apparent, even among dust samples taken from separate lumps of coal from the 
same location. Any attempt to allow for the ash content on the basis of previously 
determined ash residues would therefore be subject to large errors, and it became 
clear that it would not be possible to assess the proportion of rock particles in a mixed 
dust sample by simple microscopical counting before and after incineration. 
Appraisals of two variations of the simple incineration method are described in 


the following paragraphs. 


Incineration of aluminium-shadowed samples 

If an aluminium film is evaporated on to a mixed rock and coal dust deposit, the 
film will preserve the initial outlines of the dust particles (HAMILTON and PHELPs, 
1956). After incineration, various fractions of the coal particles will have disappeared, 
leaving holes in the original film, whereas rock particles and their corresponding 
shadows will remain unchanged (Fig. 3). However, the difficulty remains in deciding 
whether a particular feature under 5 uv in diameter is a hole in the coating or a trans- 
parent rock particle. Also, under heat the aluminium film tends to oxidize and to 
become transparent, and at temperatures of about 450°C the effect is accelerated. As 
only the bituminous coals burn below this temperature care must be exercised in 
ensuring that the opacity of the film ts not completely lost during the incineration 
process. Various other metals were tried as coatings but none appeared to be as 
reliable as aluminium. The critical test is the lower size limit at which discrimination 
may be made with confidence, and this is certainly not much below 5 u. 


Incineration in conjunction with densitometry 

It has been shown that the residual ash left on burning coal particles vitiates any 
estimation of rock fractions when visual counts are made on the particles in the 
different size ranges before and after incineration. However, it was observed that the 
ash particles remaining after incineration were always smaller in size than the original 
coal particles, and, moreover, they appeared to be more transparent than rock particles 
of comparable size. 

A method capable of utilizing these two effects is that developed for “counting” 
the dust particles in long-running thermal precipitator samples (HAMILTON, 1958) by 
means of a specially designed photoelectric densitometer (BUGDEN et a/.). This differs 
from the instrument described by THAER (1958) in which scattered light is used as a 
measure of particle concentration. The slides are scanned by a beam of light of small 
solid angle. The beam is focused on the slide in a patch | mm in breadth and covering 
the whole width of the dust deposit in a direction parallel to that occupied by the 
hot wire in the long-running thermal precipitator itself. The optical density at a parti- 
cular part of the dust deposit is proportional to the concentration of the (greater than 
lu) dust particles there, and calibration curves have been determined for traverses 
across deposits of dust from various coals and rocks by comparisons with micro- 
scopical counting. Within experimental error, the calibration curves are all of one 
shape, but the conversion factors between optical density and particle count differ 


by -+-15 per cent of the mean according to the nature of the dust, sandstone and soft 


coal appearing at the extremes. Since the nature of the dust samples will be unknown 
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TABLE 
As Table 1 but extended now to eight samples of each of three rock/coal mixtures in thermal pre- 
cipitation areas of samples and over complete deposition areas. 


I astone 


Darley Dale Sand- 
ne and Rawdon 


Coal 


and Barr Siey 
Brights 


ations shown in Tables | anc 


irnsley Bright combination, 


a standard de 


This accuracy 


ent purpose 


j j 
a micro ie thod 


ition of individual particles a microscope method is esse 
en parti greate an 5 straightforward in tern 
different isparencies, bul for pa 1eS 1ess an tnis becomes progressi\ 


criminatiol CIC 


difficult as the particle size is reduced nder certain conditions a modificat 
is been found to aid recogn ynsiderably 


dark-field illumination ha 


With a microscope set up for use under dark-s 


umination condition 


using of th 
condenser if immersi not used between the condense! 

t emerging from the Ik ‘lement 1s at so oblique an angle that total 
flection ntertace) However. it was found tnal by kee] 
it closer to the cover slip a mixture 


What probably happens is 


iiuminator intact 


ind illuminatior 


roduces a ring of light close 


plane of ay be seen formed by 
object hted with resp 
particles ay » achieved by 
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Fic. 4. Discrimination by microscopical method between Darley Dale Sandstone and Rawdon Coal 
dust particles (Field width 100 u). Paraffin oil was used. 








il Particles in Thermal Precipitator Samples of Respirable Dust 
DISCRIMINATION 


The microscopical count re particles (a) before overlaying with coal and (b) by microscopical 
1 


discrimination ne ce } rer malized with respect to the microscopical cour fr plus coal 


Darley Dale Sandstone and Rawdor 


rock 
Rock alone Rock mixture by micro- 


scopical discrimination 


0°53 
0-56 
0-56 
0-5 
0-53 
0-48 
0-50 
0-53 
0-47 
0-49 


Mean error and standard deviatior 


errors in fraction of rock by count 
0-06 
0-05 


CONCLUSIONS 
Iwo main methods have been found successful in discriminating between rock and 
coal particles (or, more correctly in one method, between coal and non-coal material) 
in laboratory-prepared thermal precipitator samples. The microscopical method 


would be used only in work where detailed investigation of particles is necessary, 


e.g. to determine whether a given particle is a mixture of rock and coal and, if so, 


how much of its surface is rock. The technique is inadequately specified for general 
use. Particles smaller than Iu can be assessed with considerable confidence, and the 
lower limit is probably in the region of 

The incineration method with densitometer counting is much simple 
itself more readily to routine analysis where estimates of concentration are 


a comparatively large scale 


( I ad The writ v j 
by Miss P. M. T. MILEs in counting an ting the samples 
bes WOrk Cart 1 out as part of the Research Programme of the Mining Research 
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THE INFLUENCE OF A CHANGE IN PRODUCTION TECH- 
NOLOGY ON THE INCIDENCE OF RADIATION HAZARDS 
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INTRODUCTION 
THI ranid or oth nit fy lina tive v irknla . 1] sew! riginated 
apla growl nu Cl agioactive WOTKpIaCes aS Well aS NCWly OTiginatea 


applications engas attention of our health physics division. The risks occurring 


in work-pl: at hav asted for several decades were not under-valued, but 
because of their relative knowledge it was assumed that recommendations applied to 
the late niques were quite satisfactory. The present paper shows, however, that 
hazard working with radioluminous substances were 11 


radiation iZaras I 


Radioactive workplaces differ in many ways. One of these, which is often neglected 


is the questior hether the work with radioactive substances is a central point of 


intere ts only one subordinate link in a chain of complicated 
e latter case, people working with radioactive substances 

own problems to the problems of the rest of 
production and pri fortunately, this psychological outlook is rather com- 
mon even h supervisors, this fact being the more harmful. For these reasons it is 
desirable ive a permanent and highly intensive supervision enabling us to get 
control of changes in technology of work; this fact, however, may seem to the workers 
and operation supervisors to be of small importance with regard to the rise of potential 
lesions. The health physicist, therefore, should necessarily be a person with a fair 
knowledge of radiation who has experience of persons working with radioactive 
materials so that he will be competent to design and approve laboratory and pro- 


duction processes 


TYPE AND OCCURRENCE OF HAZARDS INVOLVED 
From the point of view of recent experience hazards included in work with radio- 
luminous paints appear to be 
(1) external exposure to gamma and beta radiation 
(2) contamination 
(a) skin contamination 
(b) internal contamination 
(1) cutaneous (with potential absorption) 
(1) oral (e.g. hand—mouth) 
(ii) inhalation of gases and radioactive aerosols 
(3) spread of activity difficult to account for 
[he existing recommendations concerning the arrangement of workplaces and 


procedures of the work with radioluminous substances were made with regard to 
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s on the luminosity of the luminous substances necessitated 
) that the radioluminous substances that are used nowadays 
| shows some typical formulations as given by the 
witzerland) 
hange in composition and with increased production some 
workplaces, these defects being signalled by the occurrence 
lermatitis on the back of the fingers of the right hand of a 
nous paint; the injury was due to inadmissibly high doses 
physical investigations in a great number of similar work- 


hazards (2) and (3) are the most serious over a period of 
TABLE | 


Ra(mg g) 
0-09 
0-05 
0-038 
0-020 
0-020 
0-020 
0-010 
U-OO0F 


nanufacturer were checked by means of radiophysical 


XPERIMENTAL METHODS 


is for personal monitoring of external exposure had been 


$s examined we made use of measurements with a standard 


ber (1). In order to eliminate the contribution of brems- 


; of the chamber were modified and the change was allowed 


ed knowledge of the operation and the variable time spent 


was used for interpreting the readings. Even though the 


ynal dosimetry cannot be entirely substituted in this fashion 


alth physical calculations (shielding of manipulation boxes 
ng time and distance factors) proved that the gamma-ray 


level. Only at places where 


w the maximum permissible 


; 


ils was carried out did the beta-ray doses reach 5 rad/hi 


The surface beta doses were checked by means of measure 


chamber as shown in Fig. 2 (2). During assembl\ 


nade of the importance of external irradiation of 


gadgets coated with radioluminous substances; the time 


worker's hands, and the piling up of finished products 


into consideration. Attention was also paid to the 


not engaged in » work with radioactive substances 
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Fic. 4. Electroprecipitator with linear movement of the field (6 ? Kv, eff. ~100 per cent) 























Influence of Change in Production Technology on the Incidence of Radiation Hazards 


(persons working more than 2 years) the incorporated activities were found to 
for the whole body. The activity of Sr® found in a 


correspond to 10-*c **®Ra 
* uc (J. MULLER, personal communication). 


daily portion of urine reached up to 10 

Decontamination of persons was carried out to distinguish between the internal 
contamination and the surface contamination on the one hand, and to estimate the 
effectiveness of decontamination normally done by workers at the end of every 
workday, on the other hand. As to detergents, white soap of a good quality and 
medicinal soap were used for decontamination of the body; 
Chelaton 3 (EDTA) was used for hands and hair. In addition, suspension of tri- 
calcium phosphate was applied for decontamination of hands. By means of these 


a 1 per cent solution of 


methods the decontamination of the whole body reached 70 per cent on the average, 
and Chelaton 3 proved to be the most efficient. For decontamination of work clothes 
a 5 per cent solution of Chelaton 3 (pH 5-5; 80°C) was used with the average efficiency 
of 95 per cent. The efficiency of decontamination was determined by local measure- 


ments with a beta probe and by whole body gamma measurements. 


(3) Spread of activity 

[The contamination of surfaces in the workplaces in question, and the traffic of 
articles during erection and testing resulted in surface contamination of assembly 
shops and testing rooms. This effect was supported by the fact that persons employed 


in erection had not been instructed sufficiently as to the potential risk (rubbing, 
exposure due to piled up articles, etc.), the risk being considered as absurd by the 


supervisors. Unfortunately, contamination entered even wardrobes and drawers 


which often contained luncheon parcels. In these cases, however, the contamination 
was not so disturbing as the contamination of the actual work areas. Similarly to 
other cases, even there the contamination was measured with the beta probe of the 


Soviet instrument Tiss. The contamination of the actual work areas had a rather 


alarming consequence, namely the contamination of workers’ homes; fortunately 
this was not very serious 


CONCLUSION 
The main objective of this paper has been to show that, even with the latest pre- 


ventive techniques, which at first sight seem to be quite sufficient (surfaces of a good 


quality, manipulation boxes, ventilation, etc.), the mentality of workers handling 


radioactive material plays an important role since unfavourable morale may be 


detrimental to a wider neighbourhood. In connection with this fact the importance of 


instructing workers as to the existing dangers as well as how to minimize or completely 


remove them is quite evident 
Our Health Physics Division has, therefore, been carrying out a detailed examination 
of all workplaces dealing with radioactive materials, the degree of importance being 


as follows: workplaces with radioluminous paints, medical laboratories, industrial 


workplaces, and the remaining establishments. An immediate removal of defects, 
increase of the professional discipline of workers dealing with radioactive substances, 
and the obtaining of precise knowledge of types and degrees of various dangers has 
been the result. As in the case of radioluminous paints new recommendations for 


protection against ionizing radiation are to be elaborated for individual branches of 


I 


this work 
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the contaminating material and to measure itS a 
iratus further described 

tamination with high efficiency 


[he apparatus is based on the method of adhesive decontamination (BORN, 1958) 


A highly adhesive tape, such as Sellotape, is uncoiled from drum No. | and runs ove 
rubber-coated drums 2 and 3 (Fig. 1) 


By pressing the apparatus in the direction of 
arrow A, the adhes‘ve 


to fit closely surface and the whole 
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the Sellotape 
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rection of arrow B. This movement results in the continuous 
rewinding on drum No The apparatus is provided with 


measuring the contaminated surface on the one hand, and 


on the other hand, as the lead case (5) is turned through 


rried out either with the aid of earphones or with one of the 
cuits. More precise evaluation can be obtained in the 


contaminant is automatically covered up by a 


No. 4 so that the coil can be unwound. The apparatus 











COLLECTION EFFICIENCIES OF A CASCADE FILTRATION 
DEVICE EMPLOYING WIRE GAUZES* 
T. Mercer, C. M. MILLs and A. R. Gips 


(Received | December 1958) 


Abstract 
cascade filtration air sampler are described. Gross efficiencies 


the collec t iranium dioxide dust and sodium chloride 


for collection efficiency as a function of the 


Il. INTRODUCTION 
THis report summarizes the work done to evaluate the performance characteristics 
of a cascade filtration device. The work comprised efforts to determine (a) the gross 


collection efficiencies of each of the first two stages when used at various flow rates 


to sample aerosols of uranium dioxide and sodium chloride, and (5) the collection 


efficiency, as a function of particle size, for each of the first two stages when used in 


sampling an aerosol at 15 |/min 


Il. DESCRIPTION OF THE DEVICI 


The device is essentially a lucite tube arranged to hold three filtering media in 
series. The first filtration stage (Fig a 325-mesh metal screen. Its openings 


This paper is based on work periormed under contr t the nited States Atomic Energy 


Commission at the U1 sity of Rochester Atomic Energy Project, Rochester, N.Y. The screen 


urray described herein is typical of an instrument designed by H. L. Rarrick for Sandia Corporation, 


Albuquerque, N. M., who used a number of them in field experiments in 1957 and then requested 
and supported this evaluation of the basic design 
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iracteristics, the average linear velocity through the filter 
ila (Davies, 1952) 
16-67 U 4( | 


is the cross-sectional area of the filter and c 1s 


s calculated for the two stages at these velocities 





; 


are between 0-4 and 3 n the ca al lated cylind 


ler, then, streamline, or near 
streamline, flow around the wire would be expected. This may not be true for a filter, 
5 


however (Davies, 1952) 


The third stage is a Millipore filter, either type HA or type AA. The distance of 


] 
; 


separation between stages | in 


Ii] TERMINATION OF THE GROSS COLLECTION EFFICIENCIES 
1. Experimental method 

Ihe gross collection efficiencies of the first two stages were determined at three 
different flow rates using UO, and NaCl aerosols. The mass distributions are shown 
in Table 3. The distribution for the UO, aerosol was obtained from samples collected 
on millipore filter and treated for examination in the electron microscope. The NaCl 
aerosols were sampled for particle size distribution by means of both a thermal 
precipitator and an electrostatic precipitator. For UQO,, the term “‘diameter”’ refers to 
the length of the projection of the particle on a fixed reference line. For NaCl, the 


term refers to the length of the side of the cubical particle. 


TABLE 3. MASS DISTRIBUTIONS O rEST AEROSOLS 


The NaCl aerosols were obtained by aspiration of solutions having weight concen- 


trations of salt | per cent and 10 per cent. The aerosol generator used was of the 
t 


type described by LAUTERBACH ef al. (1956). The moist air containing the aspirated 


droplets was mixed immediately with dry, filtered air in a chamber of 20 I. capacity 
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y geomet These values are summarized in 


B. Experimental 


The results of the which screens of the same type were used in both stages I 
and II are summariz Tables 5 and 6 


; 
Tests were also cai 


out using the device in the normal fashion. The results are 


shown in Table 





Collection Efficiencies of a Cascade Filtration Device Employing Wire Gauzes 


IV. INTERPRETATION OF RESULTS 
A. Efficiencies as functions of parameters of the particle size distributions 
In order to consider both the NaCl and UO, aerosols in the same discussion, it is 
helpful to make use of the quantity 
P = mv/3xnyRd 
which 1s called the inertial parameter (Davies, 1956). For a particle of mass m and 


diameter d, moving at a velocity v towards a cylindrical collector of radius R, the 


inertial parameter is the ratio of the stopping distance of the particle to the radius of 


the collector (» is the viscosity of air). 


TABLE 5. GROSS COLLECTION EFFICIENCIES OF STAGE I 


low Number Efficiencies in fractions* 
Stage Aeroso rate ol 


(1/min) tests 


0-038 +0-020 0-034 +0-014 0-035+0-015 
0-088 0-018 0-060 0-010 0-065 0-011 
0-104 0-044 0-063 0-005 0-074 0-009 
0-121 0-025 0-106 0-017 
0-151 OO11 0-093 0-028 0-109 0-039 

0-039 0-162 0-022 0-224 0-037 

0-048 0-145 0-022 0-187 0-022 
0-186 O-OlE 0-176 0-030 0216 0-033 


*f fraction of original aerosol collected by the indicated screen when in stage I position. 
I fraction of original aerosol collected by identical screen in the stage II position 
I fraction of available aerosol collected by the second stage screen 
(The second figure in each column is the standard deviation on the mean value for the number of 


tests shown.) 


TABLE 6. GROSS COLLECTION EFFICIENCIES OF STAGE II 


Flow Number Efficiencies in fractions* 
Stage Aerosol rate ol 
(1/min) tests 


I NaCl 15 0-405 + 0-039 0-109 +-0-017 0-177 +0-020 
| NaCl 25 0-398 0-114 0-121 0-027 0-180 0-033 
10°, NaCl 5 0-491 O11] 0-092 0-012 0-216 0-025 
10°, NaCl 5 0-780 0-099 0-033 0-005 0-228 0-016 
10°, NaCl 0-796 0-037 0-056 0-010 0-275 0-049 
UO 5 ) 0-858 0-025 0-026 0-003 0-215 0-021 
UO : 0-867 0-020 0-087 0-030 0-613 0-110 
UO 25 0-732 0-040 0-131 0-064 0-472 0-142 


*F fraction of original aerosol collected by the indicated screen when in stage I position. 
E, fraction of original aerosol collected by identical screen in the stage II position. 
E. fraction of available aerosol collected by the second stage screen 
(The second figure in each column is the standard deviation on the mean value for the number of 


tests shown.) 
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Collection Efficiencies of a Cascade Filtration Device Employing Wire Gauzes 


TABLE 8. ROOT INERTIAL PARAMETERS AT VARIOUS FLOW RATES 


Flow rate P for UO,* \/ P for NaCl* 


(l/min) 


The wide range of median diameters over which the gross efficiency is relatively 
constant for each stage represent a serious obstacle to making use of the device as a 
means of determining the mass distribution parameters of an aerosol. 

B. Estimated efficiencies as functions of particle size 

It was found that when the gross efficiencies in terms of the actual collecting (i.e 

wire) surface at 15 1/min were plotted against the logarithms of 4/P,, a straight line 


was obtained (Fig. 4). This suggested the possibility of a relationship 


I a+bin»«'P 


for the range of P-values encountered. By applying this to the “log-normal” distri- 


bution, it was possible to derive equations from which a and / could be determined 


Fic. 4. Efficiencies as functions of the root inertial parameters of the particles of mass median 
diameter for Stage I. (The efficiency is in terms of the actual collecting surface; the indicated 


efficiency 1-5 x observed efficiency.) 


TABLE 9. CONSTANTS OF EFFICIENCY EQUATIONS FOR STAGE I 
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independent checks on the validity of the curves. While the calculated values generally 
run higher than the observed values, the agreement is reasonably good considering 


the differences among the various aeosols used. 


TABLE 10. CALCULATED VALUES OF E, AND E, FOR STAGE I 


yw rate 
Flow rate Aerosol 


(1/min) 


0-103 0-086 
0-243 0-179 
0-063 0-056 
0-124 0-102 
0-249 0-186 
0-087 0-076 
0-151 0-109 


It is probable that the curves should pass through an optimum efficiency in the 
neighbourhood of 1 P = 2-0. Such a modification would be necessary to explain the 
results on UO, at the higher flow rates. However, the present tests were chiefly con- 
cerned with the efficiencies at 15 1/min, at which flow rate the curves appear to be 


adequate as they are. 


Estimated efficiencies as functions of particle size for stage Il 
The steep initial slope of the curve of Fig 3 suggested the possibility that the 
efficiencies of the stage II screen could be represented by three sets of equations 
I 0, VP<vP, 
} (4/P—vV/ PLA P. \ P,), \ P, /P<, P, 
I l. /P>v P. 


In these equations, ,/P, the root inertial parameter below which collection ceases 


and \/P, = the root inertial parameter above which collection is complete. Between 
\ P, and +/P, the efficiency is assumed to be a linear function of /P. 

[hese equations have been applied to the “log-normal” distribution to obtain 
expressions for the overall collection efficiency (Appendix 2). Using the observed 
efficiency for the 1°, NaCl aerosol at 15 1/min, values of 1/P, and +/P,, determined 
by trial-and-error methods, were found to be 0-065 and 0-65 respectively. Applying 
these values to the 10 NaCl yields an overall collection efficiency of 0-78 when that 
aerosol is sampled at 15 1/min, almost precisely the observed value. When applied to 
the UO, aerosol, however, the results are about 10 per cent high. 

Ihe gross efficiency data indicate that the efficiency does not actually reach 1-0 in 
the range of sizes studied. There is also evidence that at larger values of 4/P the 
efficiency decreases. These factors have been taken into consideration in modifying 
the curve corresponding to the efficiency equations above to yield the curve of 
efficiency as a function of 1 P shown in Fig. 

In the same figure, the curves for efficiency as a function of particle size are shown 
for NaCl and UO,,. These curves have been used to estimate F, and E, for each aerosol 
at 15 1/min, with the results shown in Table 11. 
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APPENDIX |! 


fficiency Equations for Stage I 


ollection for the actual wire surface is given by 


/ 0) VP VP 
/ a hin, P. \ P \ P 
the inertial parameter below which collection ceases 


log-normally” distributed, the mass distribution of 


V 2x) [exp—(In d—In d»,)*/2 In*o] d(in d) 
aerosol, d,, is the mass median diameter and oc is the 


For a given set of sampling conditions, d = ky/P and 


\ P—Iny P,,)*/2 In*o} d(lny P) 


subject to filtration 


’ Surface 


ved by assuming various values for 
with appropriate substitutions for Inc and Iny/P, 
ilues of E and solving for a and +. The correct values 


h is found to be equal to the assumed value of 
4 
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APPENDIX 2 


Determination of Unknown Constants in Assumed Efficiency 


Equations for Stage II 
rhe following equations are assumed: 
f Q, 


VP<vVP, 
E (V/ P—*4 P,) (4 Pe \ P,) (d d,) (d, d,), \ P, V/ P< P, 
E = Il, VP>vP, 
Applying these values to the “log-normal” mass distribution (see Appendix 1), one 
obtains for the gross efficiency 


Ind 


(1/4/22 Ins) (d—d,)/(d,—d,) [exp—(In d—In d»)?/2 In*e]d(Ind) 


Ind 


exp—(In d—In dm)*/2 In*od(In d) 


where 


(In d, —In dm —In*s)/Ino 
(In d,—In d»—I\n*s)/Ino 
Vy z,+-Ins 
Ve = Z,.+Ino 
By trial and error, it is found that d 


. 1-O and d, = 0:1 yield a value of / 
for the | 


NaCl aerosol at 15 1/min (observed value 


0-40). When these same values 
are used with the 10°,, NaCl a value of E 


0-78 is obtained (observed value 0-78). 
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Experiments with the Hexhlet Dust Sampler in British Coal Mines 


RESULTS 

In the first series of trials at collieries in four different Divisions of the National 
Coal Board san ples were collected at the return end of the coalface on different shifts, 
and in hard headings. Details of these samples are given in Table | and the corre- 
sponding analytical results in Table 2. 

A second series of experiments was conducted at four different collieries, where 
samples were taken on the coalface on two different shifts, and each experiment was 
repeated after an interval of some days or weeks. The description and details of these 


samples are given in Tables 3 and 4 


Composition of the dusts 

In the first series of experiments the results (Table 2) show wide variations in com- 
position (ash and quartz content) between different samples, but a number of general 
trends are evident 

First, many of the samples show a marked difference in composition between the 
fraction collected in the thimble and that retained in the elutriator. In general, the 
elutriator fraction has higher ash and quartz contents than the corresponding thimble 
dust, and this tendency is repeated in the second series of experiments (Table 4) 

Secondly, there is a tendency for the coalface samples of thimble dust collected on 
the coalgetting shift to have lower ash and quartz contents than those taken on the 
other shifts, but at some collieries this effect is not very marked and there are bigger 
differences between the two fractions of the same dust than between corresponding 
fractions of the dusts collected on different shifts on the same coalface 

rhirdly, the heading samples have, on the whole, higher ash and quartz contents 


1 
| 


1 the coalface samples 

iriation in composition of dust with time 

In the first series of experiments three successive samples (F/H1, F/H2 and F/H3) 
were taken in a heading at a Yorkshire colliery and the results (Table 2) showed 
considerable variation in the composition of the dust collected between one sample 
and another over a period of about a month. In a heading this is not surprising, as 
the composition of the strata encountered might well be subject to rapid change, and 
subsequent investigation has shown that the reported results agree quite well with the 
analyses of the corresponding pillar samples from the parent rock through which the 
heading was being driven (NAGELSCHMIDT, 1958). However, it was obviously desirable 
to study the variation in composition of the dust with time on the coalface, and the 
repeat samples in the second series of experiments (Table 4) show that little or no 
differences, as regards the ash and quartz contents of the corresponding dust fractions, 


occurred at any of the collieries, either on the coalgetting or on the cutting shift. 


Visual estimation of proportion of coal and mineral particles 


The measured ash content (per cent weight) of the thimble dust has been included 


in the last column in Tables | and 3 for easy comparison with the estimated proportion 


of non-coal particles in the corresponding Long-running T.P. samples (expressed as 


percentage of total number of particles in the 1-5 uv range) 


In the first series of experiments (Table 1) good agreement was obtained at two of 





collierie t the other two collieries the investigators were at the time 
and under-estimate the proportion of non-coal particles 
compared with the the team. By the time the second series of experiments was 
in progress (Tabl vestigators concerned had had more experience of visua 
discrimination and igreement is more consistent. Considering all the difficulties 
rticles involved, comparison of mass analysis with number 
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( oallace sample 


hamshire and rtl coalfield (PoTTER and Pepper, 1958). The authors 
emphasize, however! nclusion is based on strictly limited data and that the 
figure is much lov t oO they had previously obtained, using a different 
technique. [1 se latter experiments, using alignate yarn filters, the “best estimate 
of a conversion factor” was 34 mg/n rre ing to 850 particles cm’, I-S5 


(PEPPER, 1958 


DISCUSSION AND CON( SIONS 
[he experiments described in this report are relatiy -w in number but they show 
that the use of an elutriator nove the heavier rne particles is required to 
ensure the collection of a truly ‘sentative sample of the “respirable” fraction of 
the dust. The composition of s: »s taker hard headings varies considerably 
with time, but san 1th allace main fairly constant in composition, 
on a given shift, < vel atively short periods. At first sight, therefore, the 


implications of these results on a systematic programme of study of environmental 


conditions, such as that of the Pneumoconiosis Field Research, might appear to be 


favourable. There are, however, several other factors which have to be taken into 
account 
In the first place, the only production model of the Hexhlet is driven by con 


1 j 


air, and this immediately limits its application to latively small fraction 
coalfaces, headings and other working places in British coal mines. The tenden 
nowadays is for compressed air to be used less, so this drawback will be increasingly 
important as time goes on. Nor is it feasible to select, ev those collieries with 
compressed air laid on at some of the working places, a few “typical” sampling 
positions, in view of the variations in composition with place which have been found. 
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NEWS 


A FILM on the work of the Slough Industrial Health Service has recently been made 


and is available on loan free of charge, apart from postage. Enquiries should be 


addressed to the Secretary, Slough Industrial Health Service, Community Centre, 
Farnham Road, Slough, Bucks 

The film is on 16mm Kodachrome optical sound-track material and runs for 
25 min. It describes all the activities of the Slough Industrial Health Service, 
including Farnham Park Rehabilitation Centre and the facilities offered by the 


Occupational Hygiene Laboratories 
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